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INTRODUCTION 


In the mass of scientific literature which appears Year after Scientific 
year there occurs, very occasionally, an article which presents the Se Deee 
results of experiment or investigation that prove epoch-making. 

These articles, though recording masterpieces of scientific research, 
are buried with valueless or ephemeral writings. 

Certain of my teachers, in presenting a subject at clinics and Growth of 
lectures, had, for the inspection of the students, the article which mee 
communicated such observations as first placed the subject upon a 
sound scientific basis. Subsequently, in my own teaching I followed 
this custom. There has thus resulted a collection, begun some 
twelve years ago, of epoch-making articles, a part of which is 
gathered into the present volume. 

Upon first thought one is disposed to conclude that to-day such Teaching of 
communications would be obsolete and of historic value only, ee 
but on reading the articles the fact becomes evident that the work 2° obsolete, 
and observations were so thoroughly and accurately done in the 
first instance that the teaching, practice, and terminology of to-day 
are either the same as when first communicated or based directly 
on these foundations. In many instances, subsequent writers , + of 
have merely paraphrased the statements of the original observers. ae val 
Indeed, one may go further and say that some of the errors of to- 
day are the result of disregarding or misquoting the facts clearly ee - 
set forth in these original treatises. As an example, Jenner’s may lead to 
definite direction regarding the technique of vaccination, if ad-*#”° “rs 
hered to, would prevent many of the infections and shocking 
ulcerations seen even in our own day. Again, in Laénnec’s writings 
is to be found much that would clear the confusion regarding 
physical signs which teachers to-day discuss without even referring 
to the observations of this master-mind. In other branches of other pranct 
science, as physics and chemistry, in law and in art, the teachings % Learning 


more familia 
of great authorities are familiarly quoted and used as guides. with original 
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There is no reason why in medicine such familiarity should not be 
considered requisite to a proper education. 

Professor Ostwald, in writing of his student days at the Uni- 
versity of Dorpat, speaks of his ‘“‘wolfish hunger” for more than 
the text-book, and how ‘“‘ravenously” he devoured the original 
treatises by the recognized masters when, as a senior, he was ad- 
mitted into the University library. He says: 


“* * * * At first, as a result of my earlier training, I 
read only text-books and monographs. But when I began my 
preparatory work the professor * * * * directed me to look 
up in the old volumes * * * * the descriptions which the 
discoverers of the required substances had given of their original 
experiments. * * * * JI had learned that every scientific dis- 
covery is the result of a natural process of development, which leads 
through more or less numerous errors and misconceptions to a 
definite and lasting result.” 


He goes on to say: 


“* % %* %* Tt is well known to what a degree a man’s life is 
influenced by the impressions gained in youth; these are, as it 
were, the warp upon which the intellectual life of a man is woven. 
So, after those years in Dorpat, it has been absolutely necessary for 
me to have free access to original literature, and in all other 
places where I have worked it has been my first concern to 
place this indispensable aid at the disposal of my colleagues and 
myself. For I had learned that the inclination and ability to view 
a question from historical standpoint is of the same importance in 
the education of the chemist (and of every other investigator) as 
is the inclination and ability to do careful and conscientious ex- 
perimental work. 

“Later, I was led to notice another characteristic feature of such 
a library. This early acquired inclination to read the old literature 
in the original * * * * had from the very beginning sug- 
gested all kinds of scarcely obvious thoughts and experiments. 
This habit proved of great value to me when in the course of time 
the number of investigators working with me increased and the 
demand for themes became greater.” 


I venture to quote still further from this valuable source; he 
says: 
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“* * * * Jt is not alone the requirements of the pro- Scientific 
fessor which are satisfied by this study of the old literature. By ‘sPutes 
following the scientific disputes of the past (and indeed no period 
has been free from these disputes), a kind of personal acquaintance personal 
with the character and manner of thought of the writers is in- acquaintance 
voluntarily obtained, along with a practical experience of the prob- wee 
lems of science. * * * * The reader acquires a lively sense Problems of 
of scientific and personal style; at times, he is annoyed by the Science 
prolixity and vagueness of one writer or pleased by the concise gty1e 
clearness of another, and endeavors to attain in his own works that 
which has been so pleasing in the works of others. In short, a Intercourse 
large part of that gain which accompanies regular intercourse with with Talente 
talented and learned men may be obtained by such an intimate ac- pameien 
quaintance with a collection of old scientific journals. 

* * * * ‘Thus the journals with their long and tiresome 
rows of uniform volumes * * * * have proved to be a most Long and tit 
useful, and at the same time a most interesting, aid for all kinds of 8°™® T°¥S © 
és 2 4 B 3 uniform 
work in any way connected with science. In our age, which is turn- volumes 
ing so energetically from a narrow specialism to a broader concep- 
tion of all scientific problems, the use of this aid will become more 
and more general; and what up to the present has been a luxury A necessity 


for a few will become a necessity for everybody. * * * *” everybody 


In the arrangement of this volume no effort has been made, 
either to include all articles on the subject which appeared at the 
time of the epoch-making one, or to present the subjects in chrono- pian of this 
logical order. The main object is to take the article out of that Volume 
“long and tiresome row of uniform volumes” and to place it within 
the reach of the student. The best English translation has been 
selected for articles appearing in a foreign tongue, but reference 
to the original as well as to other writings by the same author is 
given. ‘These lists of writings are biographical sketches, as it The lists of 
were, of the scientific side of the investigator’s mind. In them we selene 
see the breadth of his interests, the studies which led up to his great the Writers’ 
work, and the number and character of his contributions. It has peng ea 
also been thought best to give a sketch only regarding the biog- tye Biograp! 
raphy of each writer, as there are now numerous works on the lives ic! Sketches 
of all those whose writings would entitle them to a place among the 
epoch-makers. What appears in these sketches, however, has 


been written after consulting the most authoritative sources. In 


1e Portraits 
id Facsimiles 
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one instance, that of Morton, I have been able to find but one 
satisfactory source regarding this observer’s personal history; 
reference to this is made in the sketch. Portraits also appear 
with each article, and in some instances facsimiles of the title- 
pages. For the portrait of Dr. O. W. Holmes I am indebted to 
Dr. J. W. Farlow, of the Boston Medical Library; for that of 
Auenbrugger I am indebted to Sidney Colvin, Esq., Keeper of 
Department of Prints and Drewings of the British Museum, who 
kindly sent me a copy from the source mentioned under the por- 
trait. After careful search it would seem that this is the only 
portrait of Auenbrugger in existence. 

I wish to acknowledge my indebtedness to ‘‘'The British Med- 
ical Journal,” ““The Boston Medical and Surgical Journal,’’ to 
Messrs. George Bell and Co., London, and to Messrs. Houghton, 
Mifflin and Co., Boston, for permission to reprint the articles 
which first appeared from their publishing houses. To Professors 
Welch and Osler, to whom I first submitted the plan of such a 
volume, I wish to express my appreciation of their advice and en- 
couragement. From Professors Musser and Barker and Dr. C. 
G. L. Wolf I have received valuable suggestions from time to 
time. Mr. Browne, Librarian of the New York Academy of 
Medicine, has, as on many former occasions, rendered me practical 
assistance. 


C. N. B. C. 
108 East 65th Street, 
New York. 
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ON Mine aN TISEPTIC PRINCIPLE OF THE 
PRACTICE OF SURGERY 
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PROF. OF SURGERY IN THE UNIVERSITY OF GLASGOW 


Read in the Surgical Section before the Annual Meeting of the British 
Medical Association in Dublin, on August gth, 1867 


Copied from The British Medical Journal, September 21st, 1867 


EXPLANATORY NOTE 


In the Lancet for March 16, 1867, Lister published the first of 
a series of articles entitled ““On a new Method of Treating Com- 
pound Fracture, Abscess, etc., with Observation on the Condition 
of Suppuration.”” This series antedates the one here reprinted, 
but is made up almost entirely of reports of cases which are sum- 
marized and commented upon in this one. The reports on these 
cases, like those of Jenner’s in the vaccination studies, show the 
gradual revelation of the truths regarding antisepsis. 

The article from the British Med. Jour., for Aug. 9, 1867, 
selected for this volume, may be considered as a part of and con- 
clusion to this detailed report, the first of which appeared in the 
Lancet for March 16, 1867. In the first article of the Lancet 
series, which strictly marks the first of Lister’s publications on 
antisepsis the following statements appear: 

“< * * * * * Turning now to the question how the 
atmosphere produces decomposition of organic substances, we 
find that a flood of light has been thrown upon this most impor- 
tant subject by the philosophic researches of M. Pasteur, who 
has demonstrated by thoroughly convincing evidence that it is 
not to its oxygen or to any of its gaseous constituents that the 
air owes this property, but to minute particles suspended in it, 
which are the germs of various low forms of life, long since revealed 
by the microscope, and regarded as merely accidental concomi- 
tants of putrescence, but now shown by Pasteur to be its essential 
cause, resolving the complex organic compounds into substances 
of simpler chemical constitution, just as the yeast plant con- 
verts sugar into alcohol and carbonic acid. 

«« * * * Applying these principles to the treatment of 
compound fracture, bearing in mind that it is from the vitality 
of the atmospheric particles that all the mischief arises, it appears 


that all that is requisite is to dress the wound with some material 
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capable of killing these septic germs, provided thatany substance can 
be found reliable for this purpose, yet not too potent as a caustic. 

“In the course of the year 1864 I was much struck with an ac- 
count of the remarkable effects produced by carbolic acid upon 
the sewage of the town of Carlisle, the admixture of a very small 
proportion not only preventing all odour from the lands irrigated 
with the refuse material, but, as it was stated, destroying the 
entozoa which usually infest cattle fed upon such pastures. 

““My attention having for several years been directed to the 
subject of suppuration, more especially in its relation to decom- 
position, I saw that such a powerful antiseptic was peculiarly 
adapted for experiments with a view to elucidating that subject, 
and while I was engaged in the investigation the applicability of 
carbolic acid for the treatment of compound fracture naturally 
occurred to me. 

“My first attempt of this kind was made in Glasgow Royal 
Infirmary in March, 1865, in a case of compound fracture of the 
leg. It proved unsuccessful, in consequence, as I now believe, of 
improper management; but subsequent trials have more than 
realised my most sanguine anticipations * * * ” 

A large number of cases reported in detail through several 
issues of the Lancet here follow. 


ON THE ANTISEPTIC PRINCIPLE OF THE 
PRACTICE OF*SURGERY 


By JOSEPH LISTER, F.R.S. 


In the course of an extended investigation into the nature of in- 
flammation, and the healthy and morbid conditions of the blood in 
relation to it, I arrived several years ago at the conclusion that the 
essential cause of suppuration in wounds is decomposition, brought 
about by the influence of the atmosphere upon blood or serum 
retained within them, and, in the case of contused wounds, upon 
portions of tissue destroyed by the violence of the injury. 

To prevent the occurrence of suppuration with all its attendant 
risks was an object manifestly desirable, ‘but till lately apparently 
unattainable, since it seemed hopeless to attempt to exclude the 
oxygen which was universally regarded as the agent by which 
putrefaction was effected. But when it had been shown by the 
researches of Pasteur that the septic properties of the atmosphere 
depended not on the oxygen, or any gaseous constituent, but on 
minute organisms suspended in it, which owed their energy to their 
vitality, it occurred to me that decomposition in the injured part 
might be avoided without excluding the air, by applying as a dress- 
ing some material capable of destroying the life of the floating 
particles. Upon this principle I have based a practice of which I 
will now attempt to give a short account. 

The material which I have employed is carbolic or phenic acid, 
a volatile organic compound, which appears to exercise a peculiarly 
destructive influence upon low forms of life, and hence is the most 
powerful antiseptic with which we are at present acquainted. 

The first class of cases to which I applied it was that of compound 


fractures, in which the effects of decomposition in the injured part 
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were especially striking and pernicious. The results have been 
such as to establish conclusively the great principle that all local 
inflammatory mischief and general febrile disturbances which fol- 
low severe injuries are due to the irritating and poisonous influence 
of decomposing blood or sloughs. For these evils are entirely 
avoided by the antiseptic treatment, so that limbs which would 
otherwise be unhesitatingly condemned to amputation may be 
retained, with confidence of the best results. 

In conducting the treatment, the first object must be the destruc- 
tion of any septic germs which may have been introduced into the 
wounds, either at the moment of the accident or during the time 
which has since elapsed. This is done by introducing the acid of 
full strength into all accessible recesses of the wound by means of a 
piece of rag held in dressing forceps and dipped into the liquid.* 
This I did not venture to do in the earlier cases; but experience has 
shown that the compound which carbolic acid forms with the blood, 
and also any portions of tissue killed by its caustic action, including 
even parts of the bone, are disposed of by absorption and organisa- 
tion, provided they are afterwards kept from decomposing. We 
are thus enabled to employ the antiseptic treatment efficiently at a 
period after the occurrence of the injury at which it would otherwise 
probably fail. Thus I have now under my care, in Glasgow 
Infirmary, a boy who was admitted with compound fracture of the 
leg as late as eight and one-half hours after the accident, in whom, 
nevertheless, all local and constitutional disturbance was avoided 
by means of carbolic acid, and the bones were soundly united five 
weeks after his admission. 

The next object to be kept in view is to guard effectually against 
the spreading of decomposition into the wound along the stream 
of blood and serum which oozes out during the first few days after 
the accident, when the acid originally applied has been washed out 
or dissipated by absorption and evaporation. This part of the 
treatment has been greatly improved during the past few weeks. 
The method which I have hitherto published (see Lancet for Mar. 


* The addition of a few drops of water to a considerable quantity of the acid, 
induces it to assume permanently the liquid form. 
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16th, 23rd, 30th, and April 27th of the present year)* consisted in 
the application of a piece of lint dipped in the acid, overlapping the 
sound skin to some extent and covered with a tin cap, which was 
daily raised in order to touch the surface of the lint with the anti- 
septic. This method certainly succeeded well with wounds of 
moderate size; and indeed I may say that in all the many cases of 
this kind which have been so treated by myself or my house-sur- 
geons, not a single failure has occurred. When, however, the wound 
is very large, the flow of blood and serum is so profuse, especially 
during the first twenty-four hours, that the antiseptic application 
cannot prevent the spread of decomposition into the interior unless 
it overlaps the sound skin for a very considerable distance, and this 
was inadmissible by the method described above, on account of 
the extensive sloughing of the surface of the cutis which it would 
involve. ‘This difficulty has, however, been overcome by employing 
a paste composed of common whiting (carbonate of lime), mixed 
with a solution of one part of carbolic acid in four parts of boiled 
linseed oil so as to form a firm putty. This application contains the 
acid in too dilute a form to excoriate the skin, which it may be made 
to cover to any extent that may be thought desirable, while its sub- 
stance serves as a reservoir of the antiseptic material. So long as 
any discharge continues, the paste should be changed daily, and, 
in order to prevent the chance of mischief occurring during the 
process, a piece of rag dipped in the solution of carbolic acid in oil 
is put on next the skin, and maintained there permanently, care 
being taken to avoid raising it along with the putty. This rag is 
always kept in an antiseptic condition from contact with the paste 
above it, and destroys any germs which may fall upon it during 
the short time that should alone be allowed to pass in the changing 
of the dressing. The putty should be in a layer about a quarter 
of an inch thick, and may be advantageously applied rolled out 
between two pieces of thin calico, which maintain it in the form 
of a continuous sheet, which may be wrapped in a moment round 
the whole circumference of a limb if this be thought desirable, while 


* See explanatory note, pp. 7-3 (N. B. C.). 
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the putty is prevented by the calico from sticking to the rag which is 
next the skin.* When all discharge has ceased, the use of the paste 
is discontinued, but the original rag is left adhering to the skin till 
healing by scabbing is supposed to be complete. I have at present 
in the hospital a man with severe compound fracture of both bones 
of the left leg, caused by direct violence, who, after the cessation of 
the sanious discharge under the use of the paste, without a drop of 
pus appearing, has been treated for the last two weeks exactly as if 
the fracture was a simple one. During this time the rag, adhering 
by means of a crust of inspissated blood collected beneath it, has 
continued perfectly dry, and it will be left untouched till the usual 
period for removing the splints in a simple fracture, when we 
may fairly expect to find a sound cicatrix beneath it. 

We cannot, however, always calculate on so perfect a result as 
this. More or less pus may appear after the lapse of the first week, 
and the larger the wound, the more likely this is to happen. And 
hereI would desire earnestly to enforce the necessity of persevering 
with the antiseptic application in spite of the appearance of suppura- 
tion, so long as other symptoms are favorable. The surgeon is 
extremely apt to suppose that any suppuration is an indication that 
the antiseptic treatment has failed, and that poulticing or water 
dressing should be resorted to. But such a course would in many 
cases sacrifice a limb or a life. I cannot, however, expect my 
professional brethren to follow my advice blindly in such a matter, 
and therefore I feel it necessary to place before them, as shortly as 
I can, some pathological principles intimately connected, not only 
with the point we are immediately considering, but with the whole 
subject of this paper. 

If a perfectly healthy granulating sore be well washed and covered 
with a plate of clean metal, such as block tin, fitting its surface pretty 
accurately, and overlapping the surrounding skin an inch or so in 


* In order to prevent evaporation of the acid, which passes readily through any 
organic tissue, such as oiled silk or gutta percha, it is well to cover the paste with a 
sheet of block tin, or tinfoil strengthened with adhesive plaster. The thin sheet 


lead used for lining tea chests will also answer the purpose, and may be obtained 
from any wholesale grocer. 
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every direction and retained in position by adhesive plaster and a 
bandage, it will be found, on removing it after twenty-four or forty- 
eight hours, that little or nothing that can be called pus is present, 
merely a little transparent fluid, while at the same time there is an 
entire absence of the unpleasant odour invariably perceived when 
water dressing is changed. Here the clean metallic surface pre- 
sents no recesses like those of porous lint for the septic germs to 
develope in, the fluid exuding from the surface of the granulations 
has flowed away undecomposed, and the result is the absence of 
suppuration. This simple experiment illustrates the important fact 
that granulations have no inherent tendency to form pus, but do so 
only when subjected to preternatural stimulus. Further, it shows 
that the mere contact of a foreign body does not of itself stimulate 
granulations to suppurate; whereas the presence of decomposing 
organic matter does. ‘These truths are even more strikingly ex- 
emplified by the fact that I have elsewhere recorded (Lancet, 
March 23rd, 1867), that a piece of dead bone free from decomposi- 
tion may not only fail to induce the granulations around it to sup- 
purate, but may actually be absorbed by them; whereas a bit of 
dead bone soaked with putrid pus infallibly induces suppuration 
in its vicinity. 

Another instructive experiment is, to dress a granulating sore 
with some of the putty above described, overlapping the sound 
skin extensively; when we find, in the course of twenty-four hours, 
that pus has been produced by the sore, although the application 
has been perfectly antiseptic; and, indeed, the larger the amount of 
carbolic acid in the paste, the greater is the quantity of pus formed, 
provided we avoid such a proportion as would act as a caustic. 
The carbolic acid, though it prevents decomposition, induces sup- 
puration—obviously by acting as a chemical stimulus; and we 
may safely infer that putrescent organic materials (which we know 
to be chemically acrid) operate in the same way. 

In so far, then, carbolic acid and decomposing substances are 
alike; viz., that they induce suppuration by chemical stimulation, 
as distinguished from what may be termed simple inflammatory 
suppuration, such as that in which ordinary abscesses originate— 
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where the pus appears to be formed in consequence of an excited 
action of the nerves, independently of any other stimulus. There is, 
however, this enormous difference between the effects of carbolic 
acid and those of decomposition; viz., that carbolic acid stimu- 
lates only the surface to which it is at first applied, and every drop of 
discharge that forms weakens the stimulant by diluting it; but de- 
composition is a self-propagating and self-aggravating poison, and, 
if it occur at the surface of a severely injured limb, it will spread into 
all its recesses so far as any extravasated blood or shreds of dead 
tissue may extend, and lying in those recesses, it will become from 
hour to hour more acrid, till it requires the energy of a caustic 
sufficient to destroy the vitality of any tissues naturally weak from 
inferior vascular supply, or weakened by the injury they sustained 
in the accident. 

Hence it is easy to understand how, when a wound is very large, 
the crust beneath the rag may prove here and there insufficient to 
protect the raw surface from the stimulating influence of the car- 
bolic acid in the putty; and the result will be first the conversion 
of the tissues so acted on into granulations, and subsequently the 
formation of more or less pus. This, however, will be merely 
superficial, and will not interfere with the absorption and organisa- 
tion of extravasated blood or dead tissues in the interior. But, on 
the other hand, should decomposition set in before the internal 
parts have become securely consolidated, the most disastrous re- 
sults may ensue. 

I left behind me in Glasgow a boy, thirteen years of age, who, be- 
tween three and four weeks previously, met with a most severe injury 
to the left arm, which he got entangled in a machine ata fair. There 
was a wound six inches long and three inches broad, and the skin 
was very extensively undermined beyond its limits, while the soft 
parts were generally so much lacerated that a pair of dressing for- 
ceps introduced at the wound and pushed directly inwards appeared 
beneath the skin at the opposite aspect of the limb. From this 
wound several tags of muscle were hanging, and among them was 
one consisting of about three inches of the triceps in almost its 
entire thickness; while the lower fragment of the bone, which was 
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broken high up, was protruding four inches and a half, stripped of 
muscle, the skin being tucked in under it. Without the assistance 
of the antiseptic treatment, I should certainly have thought of noth- 
ing else but amputation at the shoulder-joint; but, as the radial pulse 
could be felt and the fingers had sensation, I did not hesitate to 
try to save the limb and adopted the plan of treatment above 
described, wrapping the arm from the shoulder to below the elbow 
in the antiseptic application, the whole interior of the wound, to- 
gether with the protruding bone, having previously been freely 
treated with strong carbolic acid. About the tenth day, the dis- 
charge, which up to that time had been only sanious and serous, 
showed a slight admixture of slimy pus; and this increased till (a 
few days before I left) it amounted to about three drachms in twenty- 
four hours. But the boy continued as he had been after the second 
day, free from unfavorable symptoms, with pulse, tongue, appetite, 
and sleep natural and strength increasing, while the limb remained 
as it had been from the first, free from swelling, redness, or pain. 
I, therefore, persevered with the antiseptic dressing; and, before I 
left, the discharge was already somewhat less, while the bone was 
becoming firm. I think it likely that, in that boy’s case, I should 
have found merely a superficial sore had I taken off all the dressings 
at the end of the three weeks; though, considering the extent of the 
injury, I thought it prudent to let the month expire before disturbing 
the rag next the skin. But I feel sure that, if I had resorted to 
ordinary dressing when the pus first appeared, the progress of the 
case would have been exceedingly different. 

The next class of cases to which I have applied the antiseptic 
treatment is that of abscesses. Here also the results have been ex- 
tremely satisfactory, and in beautiful harmony with the pathological 
principles indicated above. The pyogenic membrane, like the 
granulations of a sore, which it resembles in nature, forms pus, not 
from any inherent disposition to do so, but only because it is sub- 
jected to some preternatural stimulation. In an ordinary abscess, 
whether acute or chronic, before it is opened the stimulus which 
maintains the suppuration is derived from the presence of pus pent 
up within the cavity. When a free opening is made in the ordinary 
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way, this stimulus is got rid of, but the atmosphere gaining access 
to the contents, the potent stimulus of decomposition comes into 
operation, and pus is generated in greater abundance than before. 
But when the evacuation is effected on the antiseptic principle, the 
pyogenic membrane, freed from the influence of the former stimu- 
lus without the substitution of a new one, ceases to suppurate (like 
the granulations of a sore under metallic dressing), furnishing merely 
a trifling amount of clear serum, and, whether the opening be de- 
pendent or not, rapidly contracts and coalesces. At the same time 
any constitutional symptoms previously occasioned by the accumu- 
lation of the matter are got rid of without the slightest risk of the 
irritative fever or hectic hitherto so justly dreaded in dealing with 
large abscesses. 

In order that the treatment may be satisfactory, the abscess must 
be seen before it is opened. Then, except in very rare and peculiar 
cases,* there are no septic organisms in the contents, so that it is 
needless to introduce carbolic acid into the interior. Indeed, such 
a procedure would be objectionable, as it would stimulate the pyo- 
genic membrane to unnecessary suppuration. All that is requisite 
is to guard against the introduction of living atmospheric germs 
from without, at the same time that free opportunity is afforded 
for the escape of the discharge from within. 

I have so lately given elsewhere a detailed account of the method 
by which this is effected (Lancet, July 27th, 1867), that I shall not 
enter into it at present further than to say that the means employed 
are the same as those described above for the superficial dressing 
of compound fractures; viz., a piece of rag dipped into the solution 
of carbolic acid in oil to serve as an antiseptic curtain, under cover 
of which the abscess is evacuated by free incision, and the antiseptic 
paste to guard against decomposition occurring in the stream of pus 


that flows out beneath it; the dressing being changed daily until 
the sinus is closed. 


* As an instance of one of these exceptional cases, I may mention that of 
an abscess in the vicinity of the colon, and afterwards proved by postmortem ex- 
amination to have once communicated with it. Here the pus was extremely offen- 
sive when evacuated, and exhibited vibrios under the microscope. 
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The most remarkable results of this practice in a pathological 
point of view have been afforded by cases where the formation of 
pus depended on disease of bone. Here the abscesses, instead of 
forming exceptions to the general class in the obstinacy of the sup- 
puration, have resembled the rest in yielding in a few days only a 
trifling discharge, and frequently the production of pus has ceased 
from the moment of the evacuation of the original contents. Hence 
it appears that caries, when no longer labouring as heretofore under 
the irritation of decomposing matter, ceases to be an opprobrium 
of surgery, and recovers like other inflammatory affections. In 
the publication before alluded to, I have mentioned the case of a 
middle-aged man with a psoas abscess depending in diseased bone, 
in whom the sinus finally closed after months of patient persever- 
ance with the antiseptic treatment. Since that article was written 
I have had another instance of abscess equally gratifying, but 
differing in the circumstance that the disease and the recovery were 
more rapid in their course. The patient was a blacksmith, who 
had suffered four and a half months before I saw him from symp- 
toms of ulceration of cartilage in the left elbow. ‘These had 
latterly increased in severity so as to deprive him entirely of his 
night’s rest and of appetite. I found the region of the elbow 
greatly swollen, and on careful examination found a fluctuating 
point at the outer aspect of the articulation. I opened it on the 
antiseptic principle, the incision evidently penetrating to the 
joint, giving exit to a few drachms of pus. The medical gentleman 
under whose care he was (Dr. Macgregor, of Glasgow) supervised 
the daily dressing with the carbolic acid paste till the patient went to 
spend two or three weeks at the coast, when his wife was entrusted 
with it. Just two months after I opened the abscess, he called to 
show me the limb, stating that the discharge had been, for at least 
two weeks, as little as it was then, a trifling moisture upon the paste, 
such as might be accounted for by the little sore caused by the in- 
cision. On applying a probe guarded with an antiseptic rag, I 
found that the sinus was soundly closed, while the limb was free 
from swelling or tenderness; and, although he had not attempted to 
exercise it much, the joint could already be moved through a con- 
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siderable angle. Here the antiseptic principle had effected the 
restoration of a joint, which, on any other known system of treat- 
ment, must have been excised. 

Ordinary contused wounds are, of course, amenable to the same 
treatment as compound fractures, which are a complicated variety 
of them. I will content myself with mentioning a single instance 
of this class of cases. In April last, a volunteer was discharging 
a rifle when it burst, and blew back the thumb with its metacarpal 
bone, so that it could be bent back as on a hinge at the trapezial 
joint, which had evidently been opened, while all the soft parts 
between the metacarpal bones of the thumb and forefinger were 
torn through. I need not insist before my present audience on the 
ugly character of such an injury. My house-surgeon, Mr. Hector 
Cameron, applied carbolic acid to the whole raw surface, and com- 
pleted the dressing as if for compound fracture. The hand re- 
mained free from pain, redness or swelling, and with the exception 
of a shallow groove, all the wound consolidated without a drop of 
matter, so that if it had been aclean cut, it would have been regarded 
as a good example of primary union. The small granulating 
surface soon healed, and at present a linear cicatrix alone tells of 
the injury he has sustained, while his thumb has all its movements 
and his hand a fine grasp. 

If the severest forms of contused and lacerated wounds heal thus 
kindly under the antiseptic treatment, it is obvious that its applica- 
tion to simple incised wounds must be merely a matter of detail. 
I have devoted a good deal of attention to this class, but I have not 
as yet pleased myself altogether with any of the methods I have 
employed. I am, however, prepared to go so far as to say that a 
solution of carbolic acid in twenty parts of water, while a mild and 
cleanly application, may be relied on for destroying any septic 
germs that may fall upon the wound during the performance of an 
operation; and also that, for preventing the subsequent introduction 
of others, the paste above described, applied as for compound frac- 
tures, gives excellent results. Thus I have had a case of strangu- 
lated inguinal hernia in which it was necessary to take away half a 
pound of thickened omentum, heal without any deep-seated sup- 
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puration or any tenderness of the sac or any fever; and amputa- 
tions, including one immediately below the knee, have remained ab- 
solutely free from constitutional symptoms. 

Further, I have found that when the antiseptic treatment is effi- 
ciently conducted, ligatures may be safely cut short and left to be 
disposed of by absorption or otherwise. Should this particular 
branch of the subject yield to all that it promises, should it turn out 
on further trial that when the knot is applied on the antiseptic 
principle, we may calculate as securely as if it were absent on the 
occurrence of healing without any deep-seated suppuration, the 
deligation of main arteries in their continuity will be deprived of the 
two dangers that now attend it, viz., those of secondary hemorrhage 
and an unhealthy state of the wound. Further, it seems not un- 
likely that the present objection to tying an artery in the immediate 
vicinity of a large branch may be done away with; and that even the 
innominate, which has lately been the subject of an ingenious ex- 
periment by one of the Dublin surgeons, on account of its well- 
known fatality under the ligature for secondary hemorrhage, may 
cease to have this unhappy character when the tissues in the 
vicinity of the thread, instead of becoming softened through the in- 
fluence of an irritating decomposing substance, are left at liberty to 
consolidate firmly near an unoffending though foreign body. 

It would carry me far beyond the limited time which, by the rules 
of the Association, is alone at my disposal, were I to enter into the 
various applications of the antiseptic principle in the several special 
departments of surgery. 

There is, however, one point more that I cannot but advert to, 
viz., the influence of this mode of treatment upon the general health- 
iness of an hospital. Previously to its introduction the two large 
wards in which most of my cases of accident and of operation are 
treated were among the unhealthiest in the whole surgical division 
of the Glasgow Royal Infirmary, in consequence apparently of 
those wards being unfavorably placed with reference to the supply of 
fresh air; and I have felt ashamed when recording the results of my 
practice, to have so often to allude to hospital gangrene or pyeemia. 
It was interesting, though melancholy, to observe that whenever 
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all or nearly all the beds contained cases with open sores, these 
grievous complications were pretty sure to show themselves; so 
that I came to welcome simple fractures, though in themselves of 
little interest either for myself or the students, because their presence 
diminished the proportion of open sores among the patients. But 
since the antiseptic treatment has been brought into full operation, 
and wounds and abscesses no longer poison the atmosphere with 
putrid exhalations, my wards, though in other respects under 
precisely the same circumstances as before, have completely 
changed their character; so that during the last nine months not a 
single instance of pyeemia, hospital gangrene, or erysipelas has 


occurred in them. 
As there appears to be no doubt regarding the cause of this change, 
the importance of the fact can hardly be exaggerated. 
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WILLIAM HARVEY 
1578-1657 

William Harvey was born April 2, 1578. In 1597, being nine- 
teen years of age, he studied medicine at Padua, whence he returned 
to settle in London. In 1604 he was admitted a candidate of the 
College of Physicians; in 1607 Fellow, and in 1616 Lecturer of 
Anatomy and Surgery. In these lectures in 1616 he began to 
expound and demonstrate his theory of circulation. He was 
severely cirticized until 1628, when the views set forth in these 
lectures were published in Latin as a treatise. He selected 
Frankfort from which to publish this book: various reasons have 
been assigned for this selection, the best probably being the un- 
favorable reception his theory met with in England and the 
superiority of the German bookmaker. Many editions from all 
parts of the world soon appeared, as may be seen by reference to 
the list at the end of this article. The Moreton facsimile of the 
1628 edition published in 1894, and the Sydenham Society collec- 
tion of publications, are the most interesting as well as the most 
complete. The 1628 edition was followed by a profound revolution 
in medical teaching and thinking. In spite of adverse criticism 
many laid claim to priority in the discovery. In 1632 Charles I 
extended royal favor to him by appointing him Physician to 
His Majesty. In 1645 on account of Harvey’s devotion to the 
king, with whom he shared the dangers of the battle of Edgehill, 
he was appointed Warden of Merton College, Oxford. When in 
the following year Oxford was surrendered to the Parliament, 
Harvey resigned his position as Warden of Merton. In 1654 he 
was chosen President of the College of Physicians; he was at 
this date in his seventy-sixth year and so infirm that he was unable 
to fulfil the duties of this last honor. He died June 3, 1657. 

So thorough are the many biographies of Harvey that only the 
briefest outline of his life is here given. His motives for making 
the investigations and the way in which he arrived at his conclu- 
sions are set forth clearly in the Introduction and Chapter I given 


below. 
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DEDICATION 


TO HIS VERY DEAR FRIEND, DOCTOR ARGENT,.THE EXCEL- 
LENT AND ACCOMPLISHED PRESIDENT OF THE ROYAL 
COLLEGE OF PHYSICIANS, AND TO OTHER LEARNED 
PHYSICIANS, HIS MOST ESTEEMED COLLEAGUES. 


I have already and repeatedly presented you, my learned friends, 
with my new views of the motion and function of the heart, in my 
anatomical lectures; but having now for more than nine years 
confirmed these views by multiplied demonstrations in your pres- 
ence, illustrated them by arguments, and freed them from the 
objections of the most learned and skilful anatomists, I at length 
yield to the requests, I might say entreaties, of many, and here 
present them for general consideration in this treatise. 

Were not the work indeed presented through you, my learned 
friends, I should scarce hope that it could come out scatheless and 
complete; for you have in general been the faithful witnesses of 
almost all the instances from which I have either collected the 
truth or confuted error. You have seen my dissections, and at 
my demonstrations of all that I maintain to be objects of sense, 
you have been accustomed to stand by and bear me out with your 
testimony. And as this book alone declares the blood to course 
and revolve by a new route, very different from the ancient and 
beaten pathway trodden for so many ages, and illustrated by such 
a host of learned and distinguished men, I was greatly afraid lest 
I might be charged with presumption did I lay my work before 
the public at home, or send it beyond seas for impression, unless I 
had first proposed the subject to you, had confirmed its conclusions 
by ocular demonstrations in your presence, had replied to your 


doubts and objections, and secured the assent and support of our 
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distinguished President. For I was most intimately persuaded, 
that if I could make good my proposition before you and our 
College, illustrious by its numerous body of learned individuals, I 
had less to fear from others. I even ventured to hope that I should 
have the comfort of finding all that you had granted me in your 
sheer love of truth, conceded by others who were philosophers 
like yourselves. True philosophers, who are only eager for truth 
and knowledge, never regard themselves as already so thoroughly 
informed, but that they welcome further information from whom- 
soever and from wheresoever it may come; nor are they so narrow- 
minded as to imagine any of the arts or sciences transmitted to us 
by the ancients, in such a state of forwardness or completeness, 
that nothing is left for the ingenuity and industry of others. On 
the contrary, very many maintain that all we know is still infinitely 
less than all that still remains unknown; nor do philosophers pin 
their faith to others’ precepts in such wise that they lose their 
liberty, and cease to give credence to the conclusions of their 
proper senses. Neither do they swear such fealty to their mistress 
Antiquity, that they openly, and in sight of all, deny and desert 
their friend Truth. But even as they see that the credulous and 
vain are disposed at the first blush to accept and believe every- 
thing that is proposed to them, so do they observe that the dull 
and unintellectual are indisposed to see what lies before their 
eyes, and even deny the light of the noonday sun. They teach 
us in our course of philosophy to sedulously avoid the fables of 
the poets and the fancies of the vulgar, as the false conclusions of 
the sceptics. And then the studious and good and true, never 
suffer their minds to be warped by the passions of hatred and envy, 
which unfit men duly to weigh the arguments that are advanced 
in behalf of truth, or to appreciate the proposition that is even 
fairly demonstrated. Neither do they think it unworthy of them 
to change their opinion if truth and undoubted demonstration 
require them to do so. They do not esteem it discreditable to 
desert error, though sanctioned by the highest antiquity, for they 
know full well that to err, to be deceived, is human; that many 
things are discovered by accident and that many may be learned 
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indifferently from any quarter, by an old man from a youth, by a 
person of understanding from one of inferior capacity. 

My dear colleagues, I had no purpose to swell this treatise into 
a large volume by quoting the names and writings of anatomists, 
or to make a parade of the strength of my memory, the extent of 
my reading, and the amount of my pains; because I profess both 
to learn and to teach anatomy, not from books but from dissections; 
not from the positions of philosophers but from the fabric of 
nature; and then because I do not think it right or proper to strive 
to take from the ancients any honor that is their due, nor yet to 
dispute with the moderns, and enter into controversy with those 
who have excelled in anatomy and been my teachers. I would 
not charge with wilful falsehood any one who was sincerely anxious 
for truth, nor lay it to any one’s door as a crime that he had fallen 
into error. I avow myself the partisan of truth alone; and I 
can indeed say that I have used all my endeavours, bestowed all 
my pains on an attempt to produce something that should be 
agreeable to the good, profitable to the learned, and useful to 
letters. 

fi Farewell, most worthy Doctors, 
And think kindly of your Anatomist. 
WILLIAM Harvey 
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AN ANATOMICAL DISQUISITION ON THE 
MOTION OF THE HEART AND BLOOD 
IN ANIMALS 


INTRODUCTION 


As we are about to discuss the motion, action, and use of the heart 
and arteries, it is imperative on us first to state what has been 
thought of these things by others in their writings, and what has 
been held by the vulgar and by tradition, in order that what is true 
may be confirmed, and what is false set right by dissection, multi- 
plied experience, and accurate observation. 

Almost all anatomists, physicians, and philosophers up to the 
present time have supposed, with Galen, that the object of the 
pulse was the same as that of respiration, and only differed in one 
particular, this being conceived to depend on the animal, the 
respiration on the vital faculty; the two, in all other respects, 
whether with reference to purpose or to motion, comporting them- 
selves alike. Whence it is affirmed, as by Hieronymus Fabricius 
of Aquapendente, in his book on “Respiration,” which has lately 
appeared, that as the pulsation of the heart and arteries does not 
suffice for the ventilation and refrigeration of the blood, therefore 
were the lungs fashioned to surround the heart. From this it 
appears that whatever has hitherto been said upon the systole and 
diastole, or on the motion of the heart and arteries, has been said 
with especial reference to the lungs. 

But as the structure and movements of the heart differ from those 
of the lung, and the motions of the arteries from those of the chest, 
so it seems likely that other ends and offices will thence arise, and 
that the pulsations and uses of the heart, likewise of the arteries, 
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and lungs. For did the arterial pulse and the respiration serve 
the same ends; did the arteries in their diastole take air into their 
cavities, as commonly stated, and in their systole emit fuliginous 
vapours by the same pores of the flesh and skin; and further, 
did they, in the time intermediate between the diastole and the 
systole, contain air, and at all times either air or spirits, or fuligi- 
nous vapours, what should then be said to Galen, who wrote a 
book on purpose to show that by nature the arteries contained 
blood, and nothing but blood, and consequently neither spirits 
nor air, as may readily be gathered from the experiments and rea- 
sonings contained in the same book? Now, if the arteries are 
filled in the diastole with air then taken into them (a larger quantity 
of air penetrating when the pulse is large and full), it must come 
to pass that if you plunge into a bath of water or of oil when the 
pulse is strong and full, it ought forthwith to become either smaller 
or much slower, since the circumambient bath will render it either 
difficult or impossible for the air to penetrate. In like manner, 
as all the arteries, those that are deep-seated as well as those that 
are superficial, are dilated at the same instant and with the 
same rapidity, how is it possible that air should penetrate to the 
deeper parts as freely and quickly through the skin, flesh, and other 
structures, as through the cuticle alone? And how should the 
arteries of the foetus draw air into their cavities through the abdo- 
men of the mother and the body of the womb? And how should 
seals, whales, dolphins, and other cetaceans, and fishes of every 
description, living in the depths of the sea, take in and emit air 
by the diastole and systole of their arteries through the infinite 
mass of water? For to say that they absorb the air that is present 
in the water, and emit their fumes into this medium, were to utter 
something like a figment. And if the arteries in their systole expel 
fuliginous vapours from their cavities through the pores of the 
flesh and skin, why not the spirits, which are said to be contained 
in those vessels, at the same time, since spirits are much more 
subtile than fuliginous vapours or smoke? And if the arteries 
take in and cast out air in the systole and diastole, like the lungs 
in the process of respiration, why do they not do the same thing 
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when a wound is made in one of them, as in the operation of 
arteriotomy? When the windpipe is divided, it is sufficiently 
obvious that the air enters and returns through the wound by two 
opposite movements; but when an artery is divided, it is equally 
manifest that blood escapes in one continuous stream, and that 
no air either enters or issues. If the pulsations of the arteries fan 
and refrigerate the several parts of the body as the lungs do the 
heart, how comes it, as is commonly said, that the arteries carry 
the vital blood into the different parts, abundantly charged with 
vital spirits, which cherish the heat of these parts, sustain them 
when asleep, and recruit them when exhausted? How should it 
happen that, if you tie the arteries, immediately the parts not only 
become torpid, and frigid, and look pale, but at length cease even 
to be nourished? ‘This, according to Galen, is because they are 
deprived of the heat which flowed through all parts from the heart, 
as its source; whence it would appear that the arteries rather carry 
warmth to the parts than serve for any fanning or refrigeration. 
Besides, how can their diastole draw spirits from the heart to warm 
the body and its parts, and means of cooling them from without ? 
Still further, although some affirm that the lungs, arteries, and heart 
have all the same offices, they yet maintain that the heart is the 
workshop of the spirits, and that the arteries contain and transmit 
them; denying, however, in opposition to the opinion of Columbus, 
that the lungs can either make or contain spirits. They then 
assert, with Galen, against Erasistratus, that it is the blood, not 
spirits, which is contained in the arteries. 

These opinions are seen to be so incongruous and mutually 
subversive, that every one of them is justly brought under sus- 
picion. That it is blood and blood alone which is contained in 
the arteries is made manifest by the experiment of Galen, by 
arteriotomy, and by wounds; for from a single divided artery, 
as Galen himself affirms in more than one place, the whole of the 
blood may be withdrawn in the course of half an hour or less. 
The experiment of Galen alluded to is this: “If you include a 
portion of an artery between two ligatures, and slit it open length- 
wise you will find nothing but blood”; and thus he proves that 
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the arteries contain only blood. And we too may be permitted 
to proceed by a like train of reasoning: if we find the same blood 
in the arteries as in the veins, after having tied them in the same 
way, as I have myself repeatedly ascertained, both in the dead 
body and in living animals, we may fairly conclude that the arteries 
contain the same blood as the veins, and nothing but the same 
blood. Some, whilst they attempt to lessen the difficulty, affirm 
that the blood is spirituous and arterous, and virtually concede 
that the office of the arteries is to carry blood from the heart into 
the whole of the body, and that they are therefore filled with blood; 
for spirituous blood is not the less blood on that account. And no 
one denies the blood as such, even the portion of it which flows in 
the veins, is imbued with spirits. But if that portion of it which 
is contained in the arteries be richer in spirits, it is still to be be- 
lieved that these spirits are inseparable from the blood, like those 
in the veins; that the blood and spirits constitute one body (like 
whey and butter in milk, or heat in hot water), with which the 
arteries are charged, and for the distribution of which from the 
heart they are provided. This body is nothing else than blood. 
But if this blood be said to be drawn from the heart into the arteries 
by the diastole of these vessels, it is then assumed that the arteries 
by their distension are filled with blood, and not with the surround- 
ing air, as heretofore; for if they be said also to become filled 
with air from the ambient atmosphere, how and when, I ask, can 
they receive blood from the heart? If it be answered: during 
the systole, I take it to be impossible: the arteries would then have 
to fill while they contracted, to fill, and yet not become distended. 
But if it be said: during diastole, they would then, and for two 
opposite purposes, be receiving both blood and air, and heat and 
cold, which is improbable. Further when it is affirmed that the 
diastole of the heart and arteries is simultaneous, and the systole 
of the two is also concurrent, there is another incongruity. For 
how can two bodies mutually connected, which are simultaneously 
distended, attract or draw anything from one another? or being 
simultaneously contracted, receive anything from each other? 
And then it seems impossible that one body can thus attract another 
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body into itself, so as to become distended, seeing that to be dis- 
tended is to be passive, unless, in the manner of a sponge, which 
has been previously compressed by an external force, it is returning 
to its natural state. But it is difficult to conceive that there can be 
anything of this kind in the arteries. The arteries dilate, because 
they are filled like bladders or leathern bottles; they are not filled 
because they expand like bellows. This I think easy of demonstra- 
tion, and indeed conceive that I have already proved it. Never- 
theless, in that book of Galen headed ‘‘Quod Sanguis continetur 
in Arteriis,” he quotes an experiment to prove the contrary. An 
artery having been exposed, is opened longitudinally, and a reed 
or other pervious tube is inserted into the vessel through the open- 
ing, by which the blood is prevented from being lost, and the wound 
is closed. ‘‘So long,” he says, “as things are thus arranged, the 
whole artery will pulsate; but if you now throw a ligature about 
the vessel and tightly compress its wall over the tube, you will 
no longer see the artery beating beyond the ligature.” I have 
never performed this experiment of Galen’s nor do I think that it 
could very well be performed in the living body, on account of 
the profuse flow of blood that would take place from the vessel 
that was operated on; neither would the tube effectually close the 
wound in the vessel without a ligature; and I cannot doubt but 
that the blood would be found to flow out between the tube and the 
vessel. Still Galen appears by this experiment to prove both 
that the pulsative property extends from the heart by the walls 
of the arteries, and that the arteries, whilst they dilate, are filled 
by that pulsific force, because they expand like bellows, and do 
not dilate as if they are filled like skins. But the contrary is ob- 
vious in arteriotomy and in wounds; for the blood spurting from 
the arteries escapes with force, now farther, now not so far, alter- 
nately, or in jets; and the jet always takes place with the diastole 
of the artery, never with the systole. By which it clearly appears 
that the artery is dilated with the impulse of the blood; for of 
itself it would not throw the blood to such a distance and whilst 
it was dilating; it ought rather to draw air into its cavity through 
the wound, were those things true that are commonly stated con- 
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cerning the uses of the arteries. Do not let the thickness of the 
arterial tunics impose upon us, and lead us to conclude that the 
pulsative property proceeds along them from the heart. For in 
several animals the arteries do not apparently differ from the 
veins; and in extreme parts of the body where the arteries are 
minutely subdivided, as in the brain, the hand, etc.,no one could 
distinguish the arteries from the veins by the dissimilar characters 
of their coats: the tunics of both are identical. And then, in the 
aneurism proceeding from a wounded or eroded artery, the pulsa- 
tion is precisely the same as in the other arteries, and yet it has no 
proper arterial covering. To this the learned Riolanus testifies 
along with me, in his Seventh Book. 

Nor let any one imagine that the uses of the pulse and the respira- 
tion are the same, because, under the influences of the same causes, 
such as running, anger, the warm bath, or any other heating 
thing, as Galen says, they become more frequent and forcible 
together. For not only is experience in opposition to this idea, 
though Galen endeavors to explain it away, when we see that with 
excessive repletion the pulse beats more forcibly, whilst the 
respiration is diminished in amount; but in young persons the 
pulse is quick, whilst respiration is slow. So it is also in alarm, 
and amidst care, and under anxiety of mind; sometimes, too, in 
fevers, the pulse is rapid, but the respiration is slower than usual. 

These and other objections of the same kind may be urged 
against the opinions mentioned. Nor are the views that are enter- 
tained of the offices and pulse of the heart, perhaps, less bound up 
with great and most inextricable difficulties. The heart, it is vul- 
garly said, is the fountain and workshop of the vital spirits, the 
centre from which life is dispensed to the several parts of the 
body. Yetitis denied that the right ventricle makes spirits, which 
is rather held to supply nourishment to the lungs. For these 
reasons it is maintained that fishes are without any right ventricle 
(and indeed every animal wants a right ventricle which is un- 
furnished with lungs), and that the right ventricle is present 
solely for the sake of the lungs. 

1. Why, I ask, when we see that the structure of both ventricles 
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is almost identical, there being the same apparatus of fibres, and 
braces, and valves, and vessels, and auricles, and both in the same 
way in our dissections are found to be filled up with blood simi- 
larly black in color, and coagulated—why, I say, should their 
uses be imagined to be different, when the action, motion, and 
pulse of both are the same? If the three tricuspid valves placed 
at the entrance into the right ventricle prove obstacles to the 
reflux of the blood into the vena cava, and if the three semilunar 
valves which are situated at the commencement of the pulmonary 
artery be there, that they may prevent the return of the blood into 
the ventricle; why, when we find similar structures in connexion 
with the left ventricle, should we deny that they are there for the 
same end, of preventing here the egress, there the regurgitation, 
of the blood ? 

2. And, when we have these structures, in points of size, form, 
and situation, almost in every respect the same in the left as in the 
right ventricle, why should it be said that things are arranged 
in the former for the egress and regress of spirits, and in the latter 
or right ventricle, for the blood? The same arrangement cannot 
be held fitted to favor or impede the motion of the blood and of 
spirits indifferently. 

3. And when we observe that the passages and vessels are 
severally in relation to one another in point of size, viz., the pul- 
monary artery to the pulmonary veins; why should the one be 
destined to a private purpose, that of furnishing the lungs, the 
other to a public function? 

4. And as Realdus Columbus says, is it probable that such a 
quantity of blood should be required for the nutrition of the 
lungs; the vessel that leads to them, the vena arteriosa or pul- 
monary artery being of greater capacity than both the iliac veins? 

5. And I ask, as the lungs are so close at hand, and in continual 
motion, and the vessel that supplies them is of such dimensions, 
what is the use or meaning of this pulse of the right ventricle? 
and why was nature reduced to the necessity of adding another 
ventricle for the sole purpose of nourishing the lungs ? 

When it is said that the left ventricle draws materials for the 
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formation of spirits, air and blood, from the lungs and right 
sinuses of the heart, and in like manner sends spirituous blood 
into the aorta, drawing fuliginous vapours from there, and send- 
ing them by the pulmonary vein into the lungs, whence spirits 
are at the same time obtained for transmission into the aorta, I 
ask how, and by what means is the separation effected ? And how 
comes it that spirits and fuliginuous vapors can pass hither and 
thither without admixture or confusion? If the mitral cuspidate 
valves do not prevent the egress of fuliginous vapours to the 
lungs, how should they oppose the escape of air? And how should 
the semilunars hinder the regress of spirits from the aorta upon 
each supervening diastole of the heart? Above all, how can they 
say that the spirituous blood is sent from the pulmonary veins by 
the left ventricle into the lungs without any obstacle to its passage 
from the mitral valves, when they have previously asserted that 
the air entered by the same vessel from the lungs into the left 
ventricle, and have brought forward these same mitral valves as 
obstacles to its retrogression? Good God! how should the mitral 
valves prevent the regurgitation of air and not of blood ? 

Moreover, when they appoint the pulmonary artery, a vessel of 
great size, with the coverings of an artery, to none but a kind of 
private and single purpose, that, namely, of nourishing the lungs, 
why should the pulmonary vein, which is scarcely so large, which 
has the coats of a vein, and is soft and lax, be presumed to be made 
for many—three or four different—uses? For they will have it that 
air passes through this vessel from the lungs into the left ventricle; 
that fuliginous vapours escape by it from the heart into the lungs; 
and that a portion of the spirituous blood is distributed to the 
lungs for their refreshment. 

If they will have it that fumes and air—fumes flowing from, air 
proceeding towards the heart—are transmitted by the same 
conduit, I reply, that nature is not wont to construct but one 
vessel, to contrive but one way for such contrary motions and 
purposes, nor is anything of the kind seen elsewhere. 

If fumes or fuliginous vapors and air permeate this vessel, 
as they do the pulmonary bronchia, wherefore do we find neither 
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air nor fuliginous vapours when we divide the pulmonary vein? 
Why do we always find this vessel full of sluggish blood, never 
of air, whilst in the lungs we find abundance of air remaining? 

If any one will perform Galen’s experiment of dividing the 
trachea of a living dog, forcibly distending the lungs with a pair 
of bellows, and then tying the trachea securely, he will find, when 
he has laid open the thorax, abundance of air in the lungs, even to 
their extreme investing tunic, but none in either the pulmonary 
veins or the left ventricle of the heart. But did the heart either 
attract air from the lungs, or did the lungs transmit any air to the 
heart, in the living dog, much more ought this to be the case in the 
experiment just referred to. Who, indeed, doubts that, did he 
inflate the lungs of a subject in the dissecting-room, he would 
instantly see the air making its way by this route, were there actu- 
ally any such passage for it? But this office of the pulmonary 
veins, namely, the transference of air from the lungs to the heart, 
is held of such importance, that Hieronymus Fabricius of Aqua- 
pendente, contends that the lungs were made for the sake of this 
vessel, and that it constitutes the principal element in their struc- 
ture. 

But I should like to be informed why, if the pulmonary vein were 
destined for the conveyance of air, it has the structure of a blood- 
vessel here. Nature had rather need of annular tubes, such as 
those of the bronchi, in order that they might always remain open, 
and not be liable to collapse; and that they might continue entirely 
free from blood, lest the liquid should interfere with the passage 
of the air, as it so obviously does when the lungs labour from 
being either greatly oppressed or loaded in a less degree with 
phlegm, as they are when the breathing is performed with a sibi- 
lous or rattling noise. 

Still less is that opinion to be tolerated which, as a two-fold 
material, one aerial, one sanguineous, is required for the composition 
of vital spirits, supposes the blood to ooze through the septum of the 
heart from the right to the left ventricle by certain hidden porosi- 
ties, and the air to be attracted from the lungs through the great 
vessel, the pulmonary vein; and which, consequently, will have 
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it, that there are numerous porosities in the septum of the heart 
adapted for the transmission of the blood. But by Hercules! no 
such pores can be demonstrated, nor in fact do any such exist. 
For the septum of the heart is of a denser and more compact 
structure than any portion of the body, except the bones and sinews. 
But even supposing that there were foramina or pores in this 
situation, how could one of the ventricles extract anything from 
the other—the left, e. g., obtain blood from the right, when we see 
that both ventricles contract and dilate simultaneously? Why 
should we not rather believe that the right took spirits from the 
left, than that the left obtained blood from the right ventricle 
through these foramina? But it is certainly mysterious and 
incongruous that blood should be supposed to be most commo- 
diously drawn through a set of obscure or invisible ducts, and air 
through perfectly open passages, at one and the same moment. 
And why, I ask, is recourse had to secret and invisible porosities, 
to uncertain and obscure channels, to explain the passage of the 
blood into the left ventricle, when there is so open a way through 
the pulmonary veins? I own it has always appeared extraordi- 
nary to me that they should have chosen to make, or rather to 
imagine, a way through the thick, hard, dense, and most compact 
septum of the heart, rather than take that by the open pulmonary 
vein, or even through the lax, soft and spongy substance of the 
lungs at large. Besides, if the blood could permeate the substance 
of the septum, or could be imbibed from the ventricles, what use 
were there for the coronary artery and vein, branches of which 
proceed to the septum itself, to supply it with nourishment? And 
what is especially worthy of notice is this: if in the foetus, where 
everything is more lax and soft, nature saw herself reduced to the 
necessity of bringing the blood from the right to the left side of the 
heart by the foramen ovale, from the vena cava through the pul- 
monary vein, how should it be likely that in the adult she should 
pass it so commodiously, and without an effort through the septum 
of the ventricles which has now become denser by age ? 

Andreas Laurentius,* resting on the authority of Galen} and 


* Lib. ix, cap. xi, quest. 12. t De Locis Affectis. lib. vi, cap. 7. 


MOTION OF THE HEART AND BLOOD IN ANIMALS 43 


the experience of Hollerius, asserts and proves that the serum 
and pus in empyema, absorbed from the cavities of the chest 
into the pulmonary vein may be expelled and got rid of with the 
urine and feces through the left ventricle of the heart and arteries. 
He quotes the case of a certain person affected with melancholia, 
and who suffered from repeated fainting fits, who was relieved 
from the paroxysms on passing a quantity of turbid fetid and acrid 
urine. But he died at last, worn out by disease; and when the 
body came to be opened after death, no fluid like that he had 
micturated was discovered either in the bladder or the kidneys; 
but in the left ventricle of the heart and cavity of the thorax plenty 
of it was met with. And then Laurentius boasts that he had 
predicted the cause of the symptoms. For my own part, however, 
I cannot but wonder, since he had devined and predicted that 
heterogeneous matter could be discharged by the course he indi- 
cates, why he could not or would not perceive, and inform us 
that, in the natural state of things, the blood might be commo- 
diously transferred from the lungs to the left ventricle of the heart 
by the very same route. 

Since, therefore, from the foregoing considerations and many 
others to the same effect, it is plain that what has heretofore been 
said concerning the motion and function of the heart and arteries 
must appear obscure, inconsistent, or even impossible to him who 
carefully considers the entire subject, it will be proper to look 
more narrowly into the matter to contemplate the motion of the 
heart and arteries, not only in man, but in all animals that have 
hearts; and also, by frequent appeals to vivisection, and much 
ocular inspection, to investigate and discern the truth. 


CHAPTER I 
Ture Avutuor’s Motives ror WRITING 


When I first gave my mind to vivisections, as a means of dis- 
covering the motions and uses of the heart, and sought to discover 
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these from actual inspection, and not from the writings of others, 
I found the task so truly arduous, so full of difficulties, that I was 
almost tempted to think, with Fracastorius, that the motion of the 
heart was only to be comprehended by God. For I could neither 
rightly perceive at first when the systole and when the diastole took 
place, nor when and where dilatation and contraction occurred, by 
reason of the rapidity of the motion, which in many animals is ac- 
complished in the twinkling of an eye, coming and going like a 
flash of lightning; so that the systole presented itself to me now 
from this point, now from that; the diastole the same; and then 
everything was reversed, the motions occurring, as it seemed, vari- 
ously and confusedly together. My mind was therefore greatly un- 
settled nor did I know what I should myself conclude, nor what 
believe from others. I was not surprised that Andreas Laurentius 
should have written that the motion of the heart was as perplexing 
as the flux and reflux of Euripus had appeared to Aristotle. 

At length, by using greater and daily diligence and investigation, 
making frequent inspection of many and various animals, and col- 
lating numerous observations, I thought that I had attained to the 
truth, that I should extricate myself and escape from this labyrinth, 
and that I had discovered what I so much desired, both the motion 
and the use of the heart and arteries. From that time I have not 
hesitated to expose my views upon these subjects, not only in private 
to my friends, but also in public, in my anatomical lectures, after the 
manner of the Academy of old. 

These views as usual, pleased some more, others less; some chid 
and calumniated me, and laid it to me as a crime that I had dared to 
depart from the precepts and opinions of all anatomists; others 
desired further explanations of the novelties, which they said were 
both worthy of consideration, and might perchance be found of signal 
use. At length, yielding to the requests of my friends, that all 
might be made participators in my labors, and partly moved by the 
envy of others, who, receiving my views with uncandid minds and 
understanding them indifferently, have essayed to traduce me 
publicly, [ have moved to commit these things to the press, in order 
that all may be enabled to form an opinion both of me and my 
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labours. This step I take all the more willingly, seeing that Hier- 
onymus Fabricius of Aquapendente, although he has accurately and 
learnedly delineated almost every one of the several parts of animals 
in a special work, has left the heart alone untouched. Finally, if 
any use or benefit to this department of the republicof letters should 
accrue from my labours, it will, perhaps, be allowed that I have not 
lived idly, and as the old man in the comedy says: 


For never yet hath any one attained 

To such perfection, but that time, and place, 

And use, have brought addition to his knowledge; 
Or made correction, or admonished him, 

That he was ignorant of much which he 

Had thought he knew; or led him to reject 

What he had once esteemed of highest price. 


So will it, perchance, be found with reference to the heart at this 
time; or others, at least, starting hence, with the way pointed out to 
them, advancing under the guidance of a happier genius, may make 
occasion te proceed more fortunately, and to inquire more accu- 
rately. 


CHAPTER II 


On THE Motions oF THE HEART AS SEEN IN THE DISSECTION 
or Livinc ANIMALS 


In the first place, then, when the chest of a living animal is laid 
open and the capsule that immediately surrounds the heart is slit 
up or removed, the organ is seen now to move, now to be at rest; 
there is a time when it moves, and a time when it is motionless. 

These things are more obvious in the colder animals, such as 
toads, frogs, serpents, small fishes, crabs, shrimps, snails, and 
shell-fish. They also become more distinct in warm-blooded 
animals, such as the dog and hog, if they be attentively noted when 
the heart begins to flag, to move more slowly, and, as it were, to die: 
the movements then become slower and rarer, the pauses longer, by 
which it is made much more easy to perceive and unravel what the 
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motions really are, and how they are performed. In the pause, as 
in death, the heart is soft, flaccid, exhausted, lying, as it were, at rest. 

In the motion, and interval in which this is accomplished, three 
principal circumstances are to be noted: 

1. That the heart is erected, and rises upwards to a point, so that 
at this time it strikes against the breast and the pulse is felt ex- 
ternally. 

2. That it is everywhere contracted, but more especially towards 
the sides so that it looks narrower, relatively longer, more drawn 
together. The heart of an eel taken out of the body of the animal 
and placed upon the table or the hand, shows these particulars; 
but the same things are manifest in the hearts of all small fishes 
and of those colder animals where the organ is more conical or 
elongated. 

3. The heart being grasped in the hand, is felt to become harder 
during its action. Now this hardness proceeds from tension, pre- 
cisely as when the forearm is grasped, its tendons are perceived to 
become tense and resilient when the fingers are moved. 

4. It may further be observed in fishes, and the colder blooded ani- 
mals, such as frogs, serpents, etc., that the heart, when it moves, be- 
comes of a paler color, when quiescent of a deeper blood-red colour. 

From these particulars it appears evident to me that the motion of 
the heart consists in a certain universal tension—both contraction in 
the line of its fibres, and constriction in every sense. It becomes 
erect, hard, and of diminished size during its action; the motion is 
plainly of the same nature as that of the muscles when they contract 
in the line of their sinews and fibres; for the muscles, when in action, 
acquire vigor and tenseness, and from soft become hard, prominent, 
and thickened: and in the same manner the heart. 

We are therefore authorized to conclude that the heart, at the 
moment of its action, is at once constricted on all sides, rendered 
thicker in its parietes and smaller in its ventricles, and so made apt 
to project or expel its charge of blood. This, indeed, is made suffi- 
ciently manifest by the preceding fourth observation in which we 
have seen that the heart, by squeezing out the blood that it contains, 
becomes paler, and then when it sinks into repose and the ventricle 
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is filled anew with blood, that the deeper crimson colour returns. 
But no one need remain in doubt of the fact, for if the ventricle be 
pierced the blood will be seen to be forcibly projected outwards 
upon each motion or pulsation when the heart is tense. 

These things, therefore, happen together or at the same instant: 
the tension of the heart, the pulse of its apex, which is felt externally 
by its striking against the chest, the thickening of its parietes, 
and the forcible expulsion of the blood it contains by the constric- 
tion of its ventricles. 

Hence the very opposite of the opinions commonly received ap- 
pears to be true; inasmuch as it is generally believed that when the 
heart strikes the breast and the pulse is felt without, the heart is 
dilated in its ventricles and is filled with blood; but the contrary 
of this is the fact, and the heart, when it contracts (and the impulse 
of the apex is conveyed through the chest wall),isemptied. Whence 
the motion which is generally regarded as the diastole of the heart, 
is in truth its systole. And in like manner the intrinsic motion of 
the heart is not the diastole but the systole; neither is it in the dias- 
tole that the heart grows firm and tense, but in the systole, for then 
only, when tense, is it moved and made vigorous. 

Neither is it by any means to be allowed that the heart only 
moves in the lines of its straight fibres, although the great Vesalius 
giving this notion countenance, quotes a bundle of osiers bound ina 
pyramidal heap in illustration; meaning, that as the apex is ap- 
proached to the base, so are the sides made to bulge out in the 
fashion of arches, the cavities to dilate, the ventricles to acquire the 
form of a cupping-glass and so to suck in the blood. But the true 
effect of every one of its fibres is to constringe the heart at the 
same time they render it tense; and this rather with the effect of 
thickening and amplifying the walls and substance of the organ 
than enlarging its ventricles. And, again, as the fibres run from 
the apex to the base, and draw the apex towards the base, they 
do not tend to make the walls of the heart bulge out in circles, but 
rather the contrary; inasmuch as every fibre that is circularly dis- 
posed, tends to become straight when it contracts; and is distended 
laterally and thickened, as in the case of muscular fibres in general, 
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when they contract, that is, when they are shortened longitudinally, 
as we see them in the bellies of the muscles of the body at large. 
To all this let it be added, that not only are the ventricles contracted 
in virtue of the direction and condensation of their walls, but farther, 
that those fibres, or bands, styled nerves by Aristotle, which are so 
conspicuous in the ventricles of the larger animals, and contain all 
the straight fibres (the parietes of the heart containing only circular 
ones), when they contract simultaneously by an admirable adjust- 
ment all the internal surfaces are drawn together as if with cords, 
and so is the charge of blood expelled with force. 

Neither is it true, as vulgarly believed, that the heart by any 
dilatation or motion of its own, has the power of drawing the blood 
into the ventricles; for when it acts and becomes tense, the blood 
is expelled; when it relaxes and sinks together it receives the blood 
in the manner and wise which will by-and-by be explained. 


CHAPTER III 


Or THE MOTIONS OF THE ARTERIES, AS SEEN IN THE DISSECTION 
oF Livinc ANIMALS 


In connexion with the motions of the heart these things are 
further to be observed having reference to the motions and pulses 
of the arteries. 

1. At the moment the heart contracts, and when the breast is 
struck, when in short the organ is in its state of systole, the arteries 
are dilated, yield a pulse, and are in the state of diastole. In like 
manner, when the right ventricle contracts and propels its charge 
of blood, the pulmonary artery is distended at the same time with 
the other arteries of the body. 

2. When the left ventricle ceases to act, to contract, to pulsate, 
the pulse in the arteries also ceases; further, when this ventricle 
contracts languidly, the pulse in the arteries is scarcely perceptible. 
In like manner, the pulse in the right ventricle failing, the pulse in 
the pulmonary artery ceases also. 
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3. Further, when an artery is divided or punctured, the blood is 
seen to be forcibly propelled from the wound the moment the left 
ventricle contracts; and, again, when the pulmonary artery is 
wounded, the blood will be seen spouting forth with violence at the 
instant when the right ventricle contracts. 

So also in fishes, if the vessel which leads from the heart to the 
gills be divided, at the moment when the heart becomes tense and 
contracted, at the same moment does the blood flow with force 
from the divided vessel. 

In the same way, when we see the blood in arteriotomy projected 
now to a greater, now to a less distance, and that the greater jet 
corresponds to the diastole of the artery and to the time when the 
heart contracts and strikes the ribs, and is in its state of systole, we 
understand that the blood is expelled by the same movement. 

From these facts it is manifest, in opposition to commonly re- 
ceived opinions, that the diastole of the arteries corresponds with 
the time of the heart’s systole; and that the arteries are filled and 
distended by the blood forced into them by the contraction of the 
ventricles; the arteries, therefore, are distended, because they are 
filled like sacs or bladders, and are not filled because they expand 
like bellows. It is in virtue of one and the same cause, therefore, that 
all the arteries of the body pulsate, viz., the contraction of the left 
ventricle; in the same way as the pulmonary artery pulsates by the 
contraction of the right ventricle. 

Finally, that the pulses of the arteries are due to the impulses of 
the blood from the left ventricle, may be illustrated by blowing into 
a glove, when the whole of the fingers will be found to become dis- 
tended at one and the same time, and in their tension to bear some 
resemblance to the pulse. For in the ratio of the tension is the pulse 
of the heart, fuller, stronger, and more frequent as that acts more 
vigorously, still preserving the rhythm and volume, and order of the 
heart’s contractions. Nor is it to be expected that because of the 
motion of the blood, the time at which the contraction of the heart 
takes place, and that at which the pulse in an artery (especially a 
distant one) is felt, shall be otherwise than simultaneous: it is here 
the same as in blowing up a glove or bladder; for in a plenum (as 
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in a drum, a long piece of timber, etc.) the stroke and the motion 
occur at both extremities at the same time. Aristotle,*too, has said, 
“the blood of all animals palpitates within their veins (meaning 
the arteries), and by the pulse is sent everywhere simultaneously.”’ 
And further,t ‘‘thus do all the veins pulsate together and by succes- 
sive strokes, because they all depend upon the heart; and, as it is 
always in motion, so are they likewise always moving together, but 
by successive movements.”’ It is well to observe with Galen, in this 
place, that the old philosophers called the arteries veins. 

I happened upon one occasion to have a particular case under my 
care, which plainly satisfied me of this truth: A certain person was 
affected with a large pulsating tumour on the right side of the neck, 
called an aneurism, just at that part where the artery descends into 
the axilla, produced by an erosion of the artery itself, and daily 
increasing in size; this tumour was visibly distended as it received 
the charge of blood brought to it by the artery, with each stroke of the 
heart; the connexion of parts was obvious when the body of the 
patient came to be opened after his death. The pulse in the corre- 
sponding arm was small, in consequence of the greater portion of 
the blood being diverted into the tumour and so intercepted. 

Whence it appears that whenever the motion of the blood through 
the arteries is impeded, whether it be by compression or infarction, 
or interception, there do the remote divisions of the arteries beat 
less forcibly, seeing that the pulse of the arteries is nothing more than 
the impulse or shock of the blood in these vessels. 


CHAPTER IV 


Or THE Motion oF THE HEART AND Its AURICLES, AS SEEN IN 
THE Bopres or Livinc ANIMALS 


Besides the motions already spoken of, we have still to consider 
those that appertain to the auricles. 


* De Anim., iii, cap. 9. Tt De Respir., cap. 20. 
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Caspar Bauhin and John Riolan,* most learned men and skilful 
anatomists, inform us that from their observations, that if we care- 
fully watch the movements of the heart in the vivisection of an 
animal, we shall perceivefour motions distinct in time and in place, 
two of which are proper to the auricles, two to the ventricles. 
With all deference to such authority I say that there are four motions 
distinct in point of place, but not of time; for the two auricles move 
together, and so also do the two ventricles, in such wise that though 
the places be four, the times are only two. And this occurs in the 
following manner: 

There are, as it were, two motions going on together: one of the 
auricles, another of the ventricles; these by no means taking place 
simultaneously, but the motion of the auricles preceding that of the 
heart following; the motion appearing to begin from the auricles 
and to extend to the ventricles. When all things are becoming 
languid, and the heart is dying, as also in fishes and the colder 
blooded animals, there is a short pause between these two motions, 
so that the heart aroused, as it were, appears to respond to the 
motion, now more quickly, now more tardily; and at length, when 
near to death, it ceases to respond by its proper motion, but seems, 
as it were, to nod the head, and is so slightly moved that it appears 
rather to give signs of motion to the pulsating auricles than actually 
to move. The heart, therefore, ceases to pulsate sooner than the 
auricles, so that the auricles have been said to outlive it, the left 
ventricle ceasing to pulsate first of all; then its auricle, next the 
right ventricle; and, finally, all the other parts being at rest and 
dead, as Galen long since observed, the right auricle still continues 
to beat; life, therefore, appears to linger longest in the right auricle. 
Whilst the heart is gradually dying, it is sometimes seen to reply, 
after two or three contractions of the auricles, roused as it were to 
action, and making a single pulsation, slowly, unwillingly, and with 
an effort. 

But this especially is to be noted, that after the heart has ceased 
to beat, the auricles however still contracting, a finger placed upon 
the ventricles perceives the several pulsations of the auricles, pre- 


* Bauhin, lib. ii, cap. 21. Riolan, lib. viii, cap. 1. 
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cisely in the same way and for the same reason, as we have said, 
that the pulses of the ventricles are felt in the arteries, to wit, the 
distension produced by the jet of blood. And if at this time, the 
auricles alone pulsating, the point of the heart be cut off with a pair 
of scissors, you will perceive the blood flowing out upon each con- 
traction of the auricles. Whence it is manifest that the blood enters 
the ventricles, not by any attraction or dilatation of the heart, 
but by being thrown into them by the pulses of the auricles. 

And here I would observe, that whenever I speak of pulsations as 
occurring in the auricles or ventricles, I mean contractions: first 
the auricles contract, and then and subsequently the heart itself 
contracts. When the auricles contract they are seen to become 
whiter, especially where they contain but little blood; but they are 
filled as magazines or reservoirs of the blood, which is tending 
spontaneously and, by its motion in the veins, under pressure to- 
wards the centre; the whiteness indicated is most conspicuous 
towards the extremities or edges of the auricles at the time of their 
contractions. 

In fishes and frogs, and other animals which have hearts with 
but a single ventricle, and for an auricle have a kind of bladder 
much distended with blood, at the base of the organ, you may very 
plainly perceive this bladder contracting first, and the contraction of 
the heart or ventricle following afterwards. 

But I think it right to describe what I have observed of an 
opposite character: the heart of an eel, of several fishes, and even 
of some (of the higher) animals taken out of the body, pulsates with- 
out auricles; nay, if it be cut in pieces the several parts may still 
be seen contracting and relaxing; so that in these creatures the 
body of the heart may be seen pulsating and palpitating, after the 
cessation of all motion in the auricle. But is not this perchance 
peculiar to animals more tenacious of life, whose radical moisture 
is more glutinous, or fat and sluggish, and less readily soluble ? 
The same faculty indeed appears in the flesh of eels, which even 
when skinned and embowelled, and cut into pieces, are still seen to 
move. 


Experimenting with a pigeon upon one occasion, after the heart 
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had wholly ceased to pulsate, and the auricles too had become 
motionless, I kept my finger wetted with saliva and warm for a 
short time upon the heart, and observed that under the influence 
of this fomentation it recovered new strength and life, so that both 
ventricles and auricles pulsated, contracting and relaxing alter- 
nately, recalled as it were from death to life. 

Besides this, however, I have occasionally observed, after the 
heart and even its right auricle had ceased pulsating,—when it was 
in articulo mortis in short,—that an obscure motion, an undulation 
or palpitation, remained in the blood itself, which was contained 
in the right auricle, this being apparent so long as it was imbued 
with heat and spirit. And, indeed, a circumstance of the same 
kind is extremely manifest in the course of the generation of animals, 
as may be seen in the course of the first seven days of the incubation 
of the chick: A drop of blood makes its appearance which palpitates, 
as Aristotle had already observed; from this, when the growth is 
further advanced and the chick is fashioned, the auricles of the heart 
are formed, which pulsating henceforth give constant signs of life. 
When at length, and after the lapse of a few days, the outline of the 
body begins to be distinguished, then is the ventricular part of the 
heart also produced; but it continues for a time white and appar- 
ently bloodless, like the rest of the animal; neither does it pulsate or 
give signs of motion. I have seen a similar condition of the heart in 
the human foetus about the beginning of the third month, the heart 
then being whitish and bloodless, although its auricles contained a 
considerable quantity of purple blood. In the same way in the egg, 
when the chick was formed and had increased in size, the heart too 
increased and acquired ventricles, which then began to receive and 
to transmit blood. 

And this leads me to remark that he who inquires very particu- 
larly into this matter will not conclude that the heart, as a whole, is 
the primum vivens, ultimum moriens,—the first part to live, the 
last to die,—but rather its auricles, or the part which corresponds to 
the auricles in serpents, fishes, etc., which both lives before the 
heart and dies after it. 

Nay, has not the blood itself or spirit an obscure palpitation in- 


54 WILLIAM HARVEY 


herent in it, which it has even appeared to me to retain after death ? 
and it seems very questionable whether or not we are to say that 
life begins with the palpitation or beating of the heart. The seminal 
fluid of all animals—the prolific spirit, as Aristotle observed, leaves 
their body with a bound and like a living thing; and nature in death, 
as Aristotle* further remarks, retracing her steps, reverts to where 
she had set out, and returns at the end of her course to the goal 
whence she had started. As animal generation proceeds from 
that which is not animal, entity from nonentity, so, by a retrograde 
course, entity, by corruption, is resolved into nonentity, whence that 
in animals, which was last created, fails first; and that which was 
first, fails last. 

I have also observed that almost all animals have truly a heart, 
not the larger creatures only, and those that have red blood, but the 
smaller, and pale-blooded ones also, such as slugs, snails, scallops, 
shrimps, crabs, crayfish, and many others; nay, even in wasps, 
hornets, and flies, I have, with the aid of a magnifying glass, and 
at the upper part of what is called the tail, both seen the heart pul- 
sating myself, and shown it to many others. 

But in the pale-blooded tribes the heart pulsates sluggishly and 
deliberately, contracting slowly as in animals that are moribund, 
a fact that may readily be seen in the snail, whose heart will 
be found at the bottom of that orifice in the right side of the body 
which is seen to be opened and shut in the course of respiration, 
and whence saliva is discharged, the incision being made in the 
upper aspect of the body, near the part which corresponds to the 
liver. 

This, however, is to be observed: that in winter and the colder 
season, exsanguine animals, such as the snail, show no pulsation; 
they seem rather to live after the manner of vegetables, or of those 
other productions which are therefore designated plant-animals. 

It is also to be noted that all animals which have a heart have 
also auricles, or something analogous to auricles; and, further, 
that whenever the heart has a double ventricle, there are always two 
auricles present, but not otherwise. If you turn to the production 

* De Motu Animal., cap. 8. 
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of the chick in ovo, however, you will find at first no more a vesicle 
or auricle, or pulsating drop of blood; it is only by and by, when 
the development has made some progress, that the heart is fashioned; 
even so in certain animals not destined to attain to the highest per- 
fection in their organization, such as bees, wasps, snails, shrimps, 
crayfish, etc., we only find a certain pulsating vesicle, like a sort of 
red or white palpitating point, as the beginning or principle of their 
life. 

We have a small shrimp in these countries, which is taken in the 
Thames and in the sea, the whole of whose body is transparent; 
this creature, placed in a little water, has frequently afforded my- 
self and particular friends an opportunity of observing the motions 
of the heart with the greatest distinctness, the external parts of the 
body presenting no obstacle to our view, but the heart being per- 
ceived as though it had been seen through a window. 

I have also observed the first rudiments of the chick in the course 
of the fourth or fifth day of the incubation, in the guise of a little 
cloud, the shell having been removed and the egg immersed in clear 
tepid water. In the midst of the cloudlet in question there was 
a bloody point so small that it disappeared during the contraction 
and escaped the sight, but in the relaxation it reappeared again, red 
and like the point of a pin; so that betwixt the visible and invisible, 
betwixt being and not being, as it were, it gave by its pulses a kind 
of representation of the commencement of life. 


CHAPTER V 
Or tHE Morton, AcTION AND OFFICE OF THE HEART 


From these and other observations of a similar nature, I am 
persuaded it will be found that the motion of the heart is as follows: 
First of all, the auricle contracts, and in the course of its con- 
traction forces the blood (which it contains in ample quantity 
as the head of the veins, the store-house and cistern of the blood) 
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into the ventricle, which, being filled, the heart raises itself straight- 
way, makes all its fibres tense, contracts the ventricles, and performs 
a beat, by which beat it immediately sends the blood supplied to it 
by the auricle into the arteries. The right ventricle sends its charge 
into the lungs by the vessel which is called vena arteriosa, but which 
in structure and function, and all other respects, is an artery. The 
left ventricle sends its charge into the aorta, and through this by 
the arteries to the body at large. 

These two motions, one of the ventricles, the other of the auricles, 
take place consecutively, but in such a manner that there is a kind of 
harmony or rhythm preserved between them, the two concurring 
in such wise that but one motion is apparent, especially in the 
warmer blooded animals, in which the movements in question are 
rapid. Nor is this for any other reason than it is in a piece of 
machinery, in which, though one wheel gives motion to another, 
yet all the wheels seem to move simultaneously; or in that mechani- 
cal contrivance which is adapted to firearms, where, the trigger be- 
ing touched, down comes the flint, strikes against the steel, elicits a 
spark, which falling among the powder, ignites it, when the flame 
extends, enters the barrel, causes the explosion, propels the ball, 
and the mark is attained—all of which incidents, by reason of the 
celerity with which they happen, seem to take place in the twinkling 
of an eye. So also in deglutition: by the elevation of the root of 
the tongue, and the compression of the mouth, the food or drink is 
pushed into the fauces, when the larynx is closed by its muscles and 
by the epiglottis. ‘The pharynx is then raised and opened by its 
muscles in the same way as a sac that is to be filled is lifted up and 
its mouth dilated. Upon the mouthful being received, it is forced 
downwards by the transverse muscles, and then carried farther by 
the longitudinal ones. Yet all these motions, though executed by 
different and distinct organs, are performed harmoniously, and in 
such order that they seem to constitute but a single motion and act, 
which we call deglutition. 

Even so does it come to pass with the motions and action of the 
heart, which constitute a kind of deglutition, a transfusion of the 
blood from the veins to the arteries. And if anyone, bearing these 
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things in mind, will carefully watch the motions of the heart in the 
body of a living animal, he will perceive not only all the particulars 
I have mentioned, viz., the heart becoming erect, and making one 
continuous motion with its auricles; but farther, a certain obscure 
undulation and lateral inclination in the direction of the axis of the 
right ventricle, as if twisting itself slightly in performing its work. 
And indeed everyone may see, when a horse drinks, that the water 
is drawn in and transmitted to the stomach at each movement of the 
throat, which movement produces a sound and yields a pulse both 
to the ear and the touch; in the same way it is with each motion of 
the heart, when there is the delivery of a quantity of blood from the 
veins to the arteries a pulse takes place, and can be heard within 
the chest. 

The motion of the heart, then, is entirely of this description, and 
the one action of the heart is the transmission of the blood and its 
distribution, by means of the arteries, to the very extremities of 
the body; so that the pulse which we feel in the arteries is nothing 
more than the impulse of the blood derived from the heart. 

Whether or not the heart, besides propelling the blood, giving it 
motion locally, and distributing it to the body, adds anything else to 
it—heat, spirit, perfection,—must be inquired into by-and-by, and 
decided upon other grounds. So much may suffice at this time, 
when it is shown that by the action of the heart the blood is trans- 
fused through the ventricles from the veins to the arteries, and 
distributed by them to all parts of the body. 

The above, indeed, is admitted by all, both from the structure of 
the heart and the arrangement and action of its valves. But still 
they are like persons purblind or groping about in the dark, for they 
give utterance to various, contradictory, and incoherent sentiments, 
delivering many things upon conjecture, as we have already shown. 

The grand cause of doubt and error in this subject appears to 
me to have been the intimate connexion between the heart and the 
lungs. When men saw both the pulmonary artery and the pul- 
monary veins losing themselves in the lungs, of course it became a 
puzzle to them to know how or by what means the right ventricle 
should distribute the blood to the body, or the left draw it from the 
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ven cave. This fact is borne witness to by Galen, whose words, 
when writing against Erasistratus in regard to the origin and use of 
the veins and the coction of the blood, are the following*: “‘You will 
reply,” he says, “that the effect is so; that the blood is prepared in 
the liver, and is thence transferred to the heart to receive its proper 
form and last perfection; a statement which does not appear devoid 
of reason; for no great and perfect work is ever accomplished at a 
single effort, or receives its final polish from one instrument. But if 
this be actually so, then show us another vessel which draws the 
absolutely perfect blood from the heart, and distributes it as the 
arteries do the spirits over the whole body.’ Here then is a reason- 
able opinion not allowed, because, forsooth, besides not seeing the 
true means of transit, he could not discover the vessel which should 
transmit the blood from the heart to the body at large! 

But had anyone been there in behalf of Erasistratus, and of that 
opinion which we now espouse, and which Galen himself acknowl- 
edges in other respects consonant with reason, to have pointed to 
the aorta as the vessel which distributes the blood from the heart 
to the rest of the body, I wonder what would have been the answer 
of that most ingenious and learned man? Had he said that the 
artery transmits spirits and not blood, he would indeed sufficiently 
have answered Erasistratus, who imagined that the arteries con- 
tained nothing but spirits; but then he would have contradicted 
himself, and given a foul denial to that for which he had keenly 
contended in his writings against this very Erasistratus, to wit, that 
blood in substance is contained in the arteries, and not spirits; 
a fact which he demonstrated not only by many powerful arguments, 
but by experiments. 

But if the divine Galen will here allow, as in other places he does, 
“that all the arteries of the body arise from the great artery, and 
that this takes its origin from the heart; that all these vessels natur- 
ally contain and carry blood; that the three semilunar valves 
situated at the orifice of the aorta prevent the return of the blood 
into the heart, and that nature never connected them with this, the 
most noble viscus of the body, unless for some most important end”’; 
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if, I say, this father of physicians concedes all these things,— 
and I quote his own words,—I do not see how he can deny that the 
great artery is the very vessel to carry the blood, when it has at- 
tained its highest term of perfection, from the heart for distribution 
to all parts of the body. Or would he perchance still hesitate, like 
all who have come after him, even to the present hour, because he 
did not perceive the route by which the blood was transferred from 
the veins to the arteries, in consequence, as I have already said, of 
the intimate connexion between the heart and the lungs? And that 
this difficulty puzzled anatomists not a little, when in their dis- 
sections they found the pulmonary artery and left ventricle full of 
thick, black, and clotted blood, plainly appears, when they felt 
themselves compelled to affirm that the blood made its way from the 
right to the left ventricle by transuding through the septum of the 
heart. But this fancy I have already refuted. A new pathway 
for the blood must therefore be prepared and thrown open, and 
being once exposed, no further difficulty will, I believe, be experi- 
enced by anyone in admitting what I have already proposed in 
regard to the pulse of the heart and arteries, viz., the passage of the 
blood from the veins to the arteries, and its distribution to the whole 
of the body by means of these vessels. 


CHAPTER VI 


Or THE CoURSE BY WHICH THE BLOOD IS CARRIED FROM THE 
Vena CAVA INTO THE ARTERIES, OR FROM THE RIGHT INTO 
THE Lerr VENTRICLE OF THE HEART. 


Since the intimate connexion of the heart with the lungs, which 
is apparent in the human subject, has been the probable cause of the 
errors that have been committed on this point, they plainly do amiss 
who, pretending to speak of the parts of animals generally, as an- 
atomists for the most part do, confine their researches to the human 
body alone, and that when it is dead. They obviously do not act 
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otherwise than he who, having studied the forms of a single com- 
monwealth, should set about the composition of a general system 
of polity; or who, having taken cognizance of the nature of a single 
field, should imagine that he had mastered the science of agricul- 
ture; or who, upon the ground of one particular proposition, should 
proceed to draw general conclusions. 

Had anatomists only been as conversant with the dissection of the 
lower animals as they are with that of the human body, the matters 
that have hitherto kept them in a perplexity of doubt would, in my 
opinion, have met them freed from every kind of difficulty. 

And first, in fishes, in which the heart consists of but a single 
ventricle, being devoid of lungs, the thing is sufficiently manifest. 
Here the sac, which is situated at the base of the heart, and is the 
part analogous to the auricle in man, plainly forces the blood into 
the heart, and the heart, in its turn, conspicuously transmits it by 
a pipe or artery, or vessel analogous to an artery; these are facts 
which are confirmed by simple ocular inspection, as well as by a 
division of the vessel, when the blood is seen to be projected by each 
pulsation of the heart. 

The same thing is also not difficult of demonstration in those 
animals that have, as it were, no more than a single ventricle to the 
heart, such as toads, frogs, serpents, and lizards, which have lungs 
in a certain sense, as they have a voice. I have many observations 
by me on the admirable structure of the lungs of these animals, and 
matters appertaining, which, however, I cannot introduce in this 
place. Their anatomy plainly shows us that the blood is transferred 
in them from the veins to the arteries in the same manner as in 
higher animals, viz., by the action of the heart; the way, in fact, 
is patent, open, manifest; there is no difficulty, no room for doubt 
about it; for in them the matter stands precisely as it would in 
man were the septum of his heart perforated or removed, or one 
ventricle made out of two; and this being the case, I imagine that 
no one will doubt as to the way by which the blood may pass from 
the veins into the arteries. 

But as there are actually more animals which have no lungs than 
there are furnished with them, and in like manner a greater number 


MOTION OF THE HEART AND BLOOD IN ANIMALS 61 


which have only one ventricle than there are with two, it is open to 
us to conclude, judging from the mass or multitude of living crea- 
tures, that for the major part, and generally, there is an open way 
by which the blood is transmitted from the veins through the sinuses 
or cavities of the heart into the arteries. 

I have, however, cogitating with myself, seen further, that the 
same thing obtained most obviously in the embryos of those animals 
that have lungs; for in the foetus the four vessels belonging to the 
heart, viz., the vena cava, the pulmonary artery, the pulmonary 
vein, and the great artery or aorta, are all connected otherwise than 
in the adult, a fact sufficiently known to every anatomist. The 
first contact and union of the vena cava with the pulmonary veins, 
which occurs before the cava opens properly into the right ventricle 
of the heart, or gives off the coronary vein, a little above its escape 
from the liver, is by a lateral anastomosis; this is an ample foramen, 
of an oval form, communicating between the cava and the pul- 
monary vein, so that the blood is free to flow in the greatest abun- 
dance by that foramen from the vena cava into the pulmonary 
vein, and left auricle, and from thence into the left ventricle. 
Farther, in this foramen ovale, from that part which regards the 
pulmonary vein, there is a thin tough membrane, larger than the 
opening, extended like an operculum or cover; this membrane in the 
adult blocking up tie foramen, and adhering on all sides, finally 
closes it up, and almost obliterates every trace of it. In the foetus, 
however, this membrane is so contrived that falling loosely upon 
itself, it permits a ready access to the lungs and heart, yielding a 
passage to the blood which is streaming from the cava, and hinder- 
ing the tide at the same time from flowing back into that vein. All 
things, in short, permit us to believe that in the embryo the blood 
must constantly pass by this foramen from the vena cava into the 
pulmonary vein, and from thence into the left auricle of the heart; 
and having once entered there, it can never regurgitate. 

Another union is that by the pulmonary artery, and is effected 
when that vessel divides into two branches after its escape from the 
right ventricle of the heart. It is as if to the two trunks already 
mentioned a third were superadded, a kind of arterial canal, carried 
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obliquely from the pulmonary artery, to perforate and terminate 
in the great artery or aorta. So that in the dissection of the embryo, 
as it were, two aortas, or two roots of the great artery, appear spring- 
ing from the heart. This canal shrinks gradually after birth, and 
after a time becomes withered, and finally almost removed, like the 
umbilical vessels. 

The arterial canal contains no membrane or valve to direct or 
impede the flow of blood in this or in that direction: for at the root 
of the pulmonary artery, of which the arterial canal is the continua- 
tion in the foetus, there are three semilunar valves, which open from 
within outwards, and oppose no obstacle to the blood flowing in this 
direction or from the right ventricle into the pulmonary artery and 
aorta; but they prevent all regurgitation from the aorta or pulmonic 
vessels back upon the right ventricle; closing with perfect accuracy, 
they oppose an effectual obstacle to everything of the kind in the 
embryo. So that there is also reason to believe that when the heart 
contracts, the blood is regularly propelled by the canal or passage 
indicated from the right ventricle into the aorta. 

What is commonly said in regard to these two great communica- 
tions, to wit, that they exist for the nutrition of the lungs, is both 
improbable and inconsistent; seeing that in the adult they are 
closed up, abolished, and consolidated, although the lungs, by reason 
of their heat and motion, must then be presumed to require a 
larger supply of nourishment. The same may be said in regard to 
the assertion that the heart in the embryo does not pulsate, that it 
neither acts nor moves, so that nature was forced to make these 
communications for the nutrition of the lungs. This is plainly 
false; for simple inspection of the incubated egg, and of embryos 
just taken out of the uterus, shows that the heart moves in them 
precisely as in adults, and that nature feels no such necessity. 
I have myself repeatedly seen these motions, and Aristotle is like- 
wise witness of their reality. “The pulse,” he observes, “‘inheres 
in the very constitution of the heart, and appears from the beginning 
as is learned both from the dissection of living animals and the forma- 
tion of the chick in the egg.”* But we further observe that the pas- 
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sages in question are not only pervious up to the period of birth in 
man, as well as in other animals, as anatomists in general have 
described them, but for several months subsequently, in some in- 
deed for several years, not to say for the whole course of life; as, 
for example, in the goose, snipe, and various birds and many of the 
smaller animals. And this circumstance it was, perhaps, that 
imposed upon Botallus, who thought he had discovered a new 
passage for the blood from the vena cava into the left ventricle of 
the heart; and I own that when I met with the same arrangement in 
one of the larger members of the mouse family, in the adult state, 
I was myself at first led to something of a like conclusion. 

From this it will be understood that in the human embryo, and in 
the embryos of animals in which the communications are not closed, 
the same thing happens, namely, that the heart by its motion 
propels the blood by obvious and open passages from the vena cava 
into the aorta through the cavities of both the ventricles, the right 
one receiving the blood from the auricle, and propelling it by the 
pulmonary artery and its continuation, named the ductus arteriosus, 
into the aorta; the left, in like manner, charged by the contraction 
of its auricle, which has received its supply through the foramen 
ovale from the vena cava, contracting, and projecting the blood 
through the root of the aorta into the trunk of that vessel. 

In embryos, consequently, whilst the lungs are yet in a state of 
inaction, performing no function, subject to no motion any more 
than if they had not been present, nature uses the two ventricles 
of the heart as if they formed but one, for the transmission of the 
blood. The condition of the embryos of those animals which have 
lungs, whilst these organs are yet in abeyance and not employed, is 
the same as that of those animals which have no lungs. 

So it clearly appears in the case of the foetus that the heart by 
its action transfers the blood from the vena cava into the aorta, 
and that by a route as obvious and open, as if in the adult the two 
ventricles were made to communicate by the removal of their septum. 
We therefore find that in the greater number of animals—in all, in- 
deed, at a certain period of their existence—the channels for the 
transmission of the blood through the heart are conspicuous. But 
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we have to inquire why in some creatures—those, namely, that have 
warm blood, and that have attained to the adult age, man among 
the number—we should not conclude that the same thing is accom- 
plished through the substance of the lungs, which in the embryo, 
and at a time when the function of these organs is in abeyance, 
nature effects by the direct passages described, and which, indeed, 
she seems compelled to adopt through want of a passage by the 
lungs; or whyit should be better (for nature always does that which 
is best) that she should close up the various open routes which she 
had formerly made use of in the embryo and fcetus, and still uses 
in all other animals. Not only does she thereby open up no new 
apparent channels for the passage of the blood, but she even shuts 
up those which formerly existed. 

And now the discussion is brought to this point, that they who 
inquire into the ways by which the blood reaches the left ventricle 
of the heart and pulmonary veins from the vena cava, will pursue 
the wisest course if they seek by dissection to discover the causes 
why in the larger and more perfect animals of mature age nature has 
rather chosen to make the blood percolate the parenchyma of the 
lungs, than, as in other instances, chosen a direct and obvious course 
—for I assume that no other path or mode of transit can be enter- 
tained. It must be because the larger and more perfect animals 
are warmer, and when adult their heat greater—ignited, as I might 
say, and requiring to be damped or mitigated, that the blood is sent 
through the lungs, in order that it may be tempered by the air that 
is inspired, and prevented from boiling up, and so becoming ex- 
tinguished, or something else of the sort. But to determine these 
matters, and explain them satisfactorily, were to enter on a specula- 
tion in regard to the office of the lungs and the ends for which they 
exist. Upon such a subject, as well as upon what pertains to 
respiration, to the necessity and use of the air, etc., as also to the 
variety and diversity of organs that exist in the bodies of animals in 
connexion with these matters, although I have made a vast number 
of observations, I shall not speak till I can more conveniently set 
them forth in a treatise apart, lest I should be held as wandering 
too wide of my present purpose, which is the use and motion of the 
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heart, and be charged with speaking of things beside the question, 
and rather complicating and quitting than illustrating it. And now 
returning to my immediate subject, I go on with what yet remains 
for demonstration, viz., that in the more perfect and warmer 
adult animals, and man, the blood passes from the right ventricle of 
the heart by the pulmonary artery, into the lungs, and thence by 
the pulmonary veins into the left auricle, and from there into the 
left ventricle of the heart. And, first, I shall show that this may be 
so, and then I shall prove that it is so in fact. 


CHAPTER VII 


Tue Bioop PASSES THROUGH THE SUBSTANCE OF THE LUNGS 
FROM THE RicutT VENTRICLE OF THE HEART INTO THE PUL- 
MONARY VEINS AND Lerr VENTRICLE 


That this is possible, and that there is nothing to prevent it 
from being so, appears when we reflect on the way in which water 
permeating the earth produces springs and rivulets, or when we 
speculate on the means by which the sweat passes through the skin, 
or the urine through the substance of the kidneys. It is well 
known that persons who use the Spa waters or those of La Ma- 
donna, in the territories of Padua, or others of an acidulous or vitrio- 
lated nature, or who simply swallow drinks by the gallon, pass all 
off again within an hour or two by the bladder. Such a quantity of 
liquid must take some short time in the concoction: it must pass 
through the liver (it is allowed by all that the juices of the food we 
consume pass twice through this organ in the course of the day); it 
must flow through the veins, through the tissues of the kidneys, and 
through the ureters into the bladder. 

To those, therefore, whom I hear denying that the blood, aye, 
the whole mass of the blood, may pass through the substance of the 
lungs, even as the nutritive juices percolate the liver, asserting such 
a proposition to be impossible, and by no means to be entertained 
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as credible, I reply, with the poet, that they are of that race of men 
who, when they will, assent full readily, and when they will not, by 
no manner of means; who, when their assent is wanted, fear, and 
when it is not, fear not to give it. 

The substance of the liver is extremely dense, so is that of the 
kidney; the lungs, however, are of a much looser texture, and if 
compared with the kidneys are absolutely spongy. In the liver 
there is no forcing, no impelling power; in the lungs the blood is 
forced on by the pulse of the right ventricle, the necessary effect of 
whose impulse is the distension of the vessels and the pores of the 
lungs. And then the lungs, in respiration, are perpetually rising 
and falling: motions, the effect of which must needs be to open and 
shut the pores and vessels, precisely as in the case of a sponge, and 
of parts having a spongy structure, when they are alternately com- 
pressed and again are suffered to expand. ‘The liver, on the con- 
trary, remains at rest, and is never seen to be dilated or constricted. 
Lastly, if no one denies the possibility in man, oxen, and the larger 
animals generally, of the whole of the ingested juices passing 
through the liver, in order to reach the vena cava, for this reason, 
that if nourishment is to go on, these juices must needs get into the 
veins, and there is no other way but the one indicated, why should 
not the same arguments be held of avail for the passage of the blood 
in adults through the lungs? Why not maintain, with Columbus, 
that skilful and learned anatomist, that it must be so from the capa- 
city and structure of the pulmonary vessels, and from the fact of the 
pulmonary veins and ventricle corresponding with them, being al- 
ways found to contain blood, which must needs have come from the 
veins, and by no other passage save through the lungs? Columbus, 
and we also, from what precedes, from dissections and other ar- 
guments, conceive the thing to be clear. But as there are some who 
admit nothing unless upon authority, let them learn that the truth 
I am contending for can be confirmed from Galen’s own words, 
namely, that not only may the blood be transmitted from the pul- 
monary artery into the pulmonary veins, then into the left ventricle 
of the heart, and from thence into the arteries of the body, but that 
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this is effected by the ceaseless pulsation of the heart and the motion 
of the lungs in breathing. 

There are, as everyone knows, three sigmoid or semilunar 
valves situated at the orifice of the pulmonary artery, which effect- 
ually prevent the blood sent into the vessel from returning into the 
cavity of the heart. Now Galen, explaining the use of these valves, 
and the necessity for them, employs the following language:* 
“There is everywhere a mutual anastomosis and inosculation of the 
arteries with the veins, and they severally transmit both blood and 
spirit, by certain invisible and undoubtedly very narrow passages. 
Now if the mouth of the pulmonary artery had stood in like manner 
continually open, and nature had found no contrivance for closing it 
when requisite, and opening it again, it would have been impossible 
that the blood could ever have passed by the invisible and delicate 
mouths, during the contractions of the thorax, into the arteries; 
for all things are not alike readily attracted or repelled; but that 
which is light is more readily drawn in, the instrument being 
dilated, and forced out again when it is contracted, than that which 
is heavy; and in like manner is anything drawn more rapidly along 
an ample conduit, and again driven forth, than it is through a nar- 
row tube. But when the thorax is contracted the pulmonary veins, 
which are in the lungs, being driven inwardly, and powerfully com- 
pressed on every side, immediately force out some of the spirit 
they contain, and at the same time assume a certain portion of 
blood by those subtile mouths, a thing that could never come to 
pass were the blood at liberty to flow back into the heart through the 
great orifice of the pulmonary artery. But its return through this 
great opening being prevented, when it is compressed on every side, 
a certain portion of it distils into the pulmonary veins by the minute 
orifices mentioned.”” And shortly afterwards, in the next chapter, 
he says: “The more the thorax contracts, the more it strives to 
force out the blood, the more exactly do these membranes (viz., 
the semilunar valves) close up the mouth of the vessel, and suffer 
nothing to regurgitate.” The same fact he has also alluded to in 
a preceding part of the tenth chapter: “Were there no valves, a 
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three-fold inconvenience would result, so that the blood would 
then perform this lengthened course in vain; it would flow inwards 
during the diastoles of the lungs and fill all their arteries; but in 
the systoles, in the manner of the tide, it would ever and anon, like 
the Euripus, flow backwards and forwards by the same way, with a 
reciprocating motion, which would nowise suit the blood. This, 
however, may seem a matter of little moment; but if it meantime 
appear that the function of respiration suffer, then I think it would 
be looked upon as no trifle, etc.” Shortly afterwards he says: 
‘And then a third inconvenience, by no means to be thought lightly 
of, would follow, were the blood moved backwards during the ex- 
pirations, had not our Maker instituted those supplementary mem- 
branes.”’ In the eleventh chapter he concludes: ‘“‘That they (the 
valves) have all a common use, and that it is to prevent regurgitation 
or backward motion; each, however, having a proper function, the 
one set drawing matters from the heart, and preventing their return, 
the other drawing matters into the heart, and preventing their 
escapefromit. For nature never intended to distress the heart with 
needless labour, neither to bring aught into the organ which it had 
been better to have kept away, nor to take from it again aught which 
it was requisite should be brought. Since, then, there are four 
orifices in all, two in either ventricle, one of these induces, the other 
educes.” And again he says: ‘‘Farther, since there is one vessel, 
which consists of a simple covering implanted in the heart, and 
another which is double, extending from it (Galen is here speaking 
of the right side of the heart, but I extend his observations to the 
left side also), a kind of reservoir had to be provided, to which both 
belonging, the blood should be drawn in by one, and sent out by the 
other.” 

Galen adduces this argument for the transit of the blood by the 
right ventricle from the vena cava into the lungs; but we can use 
it with still greater propriety, merely changing the terms, for the 
passage of the blood from the veins through the heart into the arteries. 
From Galen, however, that great man, that father of physicians, it 
clearly appears that the blood passes through the lungs from the 
pulmonary artery into the minute branches of the pulmonary veins, 
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urged to this both by the pulses of the heart and by the motions of the 
lungs and thorax; that the heart, moreover, is incessantly receiving 
and expelling the blood by and from its ventricles, as from amagazine 
or cistern, and for this end it is furnished with four sets of valves, 
two serving for the induction and two for the eduction of the blood, 
lest, like the Euripus, it should be incommodiously sent hither and 
thither, or flow back into the cavity which it should have quitted, 
or quit the part where its presence was required, and so the heart 
might be oppressed with labour in vain, and the office of the lungs 
be interfered with.* Finally, our position that the blood is continu- 
ally permeating from the right to the left ventricle, from the vena 
cava into the aorta, through the porosities of the lungs, plainly 
appears from this, that since the blood is incessantly sent from the 
right ventricle into the lungs by the pulmonary artery, and in like 
manner is incessantly drawn from the lungs into the left ventricle, 
as appears from what precedes and the position of the valves, it 
cannot do otherwise than pass through continuously. And then, as 
the blood is incessantly flowing into the right ventricle of the heart, 
and is continually passed out from the left, as appears in like manner, 
and as is obvious, both to sense and reason, it is impossible that the 
blood can do otherwise than pass continually from the vena cava 
into the aorta. 

Dissection consequently shows distinctly what takes place in 
the majority of animals, and indeed in all, up to the period of their 
maturity; and that the same thing occurs in adults is equally cer- 
tain, both from Galen’s words, and what has already been said, only 
that in the former the transit is effected by open and obvious pas- 
sages, in the latter by the hidden porosities of the lungs and the 
minute inosculations of vessels. It therefore appears that, al- 
though one ventricle of the heart, the left to wit, would suffice for 
the distribution of the blood over the body, and its eduction from the 
vena cava, as indeed is done in those creatures that have no lungs, 
nature, nevertheless, when she ordained that the same blood should 
also percolate the lungs, saw herself obliged to add the right ven- 


* See the Commentary of the learned Hofmann upon the Sixth Book of Galen, 
“De Usu partium,” a work which I first saw after I had written what precedes. 
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tricle, the pulse of which should force the blood from the vena cava 
through the lungs into the cavity of the left ventricle. In this way, 
it may be said, that the right ventricle is made for the sake of the 
lungs, and for the transmission of the blood through them, not for 
their nutrition; for it were unreasonable to suppose that the lungs 
should require so much more copious a supply of nutriment, and 
that of so much purer and more spirituous a nature as coming im- 
mediately from the ventricle of the heart, that either the brain, with 
its peculiarly pure substance, or the eyes, with their lustrous and 
truly admirable structure, or the flesh of the heart itself, which is 
more suitably nourished by the coronary artery. 


CHAPTER VIII 


Or THE Quantity or BLoop Passing THROUGH THE HEART 
FROM THE VEINS TO THE ARTERIES; AND OF THE CIRCULAR 
Morion oF THE BLoop 


Thus far I have spoken of the passage of the blood from the veins 
into the arteries, and of the manner in which it is transmitted and 
distributed by the action of the heart; points to which some, moved 
either by the authority of Galen or Columbus, or the reasonings of 
others, will give in their adhesion. But what remains to be said 
upon the quantity and source of the blood which thus passes is of a 
character so novel and unheard-of that I not only fear injury to my- 
self from the envy of a few, but I tremble lest I have mankind at 
large for my enemies, so much doth wont and custom become a 
second nature. Doctrine once sown strikes deep its root, and re- 
spect for antiquity influences all men. Still the die is cast, and 
my trust is in my love of truth and the candour of cultivated minds. 
And sooth to say, when I surveyed my mass of evidence, whether 
derived from vivisections, and my various reflections on them, or 
from the study of the ventricles of the heart and the vessels that 
enter into and issue from them, the symmetry and size of these con- 
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duits,—for nature doing nothing in vain, would never have given 
them so large a relative size without a purpose,—or from observing 
the arrangement and intimate structure of the valves in particular, 
and of the other parts of the heart in general, with many things be- 
sides, I frequently and seriously bethought me, and long revolved 
in my mind, what might be the quantity of blood which was trans- 
mitted, in how short a time its passage might be effected, and the 
like. But not finding it possible that this could be supplied by the 
juices of the ingested aliment without the veins on the one hand 
becoming drained, and the arteries on the other getting ruptured 
through the excessive charge of blood, unless the blood should 
somehow find its way from the arteries into the veins, and so return 
to the right side of the heart, I began to think whether there might 
not bea A MOTION, AS IT WERE, IN A CIRCLE. Now, this 
I afterwards found to be true; and I finally saw that the blood, 
forced by the action of the left ventricle into the arteries, was dis- 
tributed to the body at large, and its several parts, in the same 
manner as it is sent through the lungs, impelled by the right ven- 
tricle into the pulmonary artery, and that it then passed through the 
veins and along the vena cava, and so round to the left ventricle in 
the manner already indicated. This motion we may be allowed to 
call circular, in the same way as Aristotle says that the air and the 
rain emulate the circular motion of the superior bodies; for the 
moist earth, warmed by the sun, evaporates; the vapours drawn 
upwards are condensed, and descending in the form of rain, 
moisten the earth again. By this arrangement are generations of 
living things produced; and in like manner are tempests and 
meteors engendered by the circular motion, and by the approach 
and recession of the sun. 

And similarly does it come to pass in the body, through the motion 
of the blood, that the various parts are nourished, cherished, quick- 
ened by the warmer, more perfect, vaporous, spirituous, and, as I 
may say, alimentive blood; which, on the other hand, owing to its 
contact with these parts, becomes cooled, coagulated, and, so to 
speak, effete. It then returns to its sovereign, the heart, as if to its 
source, or to the inmost home of the body, there to recover its state 
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of excellence or perfection. Here it renews its fluidity, natural heat, 
and becomes powerful, fervid, a kind of treasury of life, and im- 
pregnated with spirits, it might be said with balsam. Thence it is 
again dispersed. All this depends on the motion and action of the 
heart. 

The heart, consequently, is the beginning of life; the sun of the 
microcosm, even as the sun in his turn might well be designated the 
heart of the world; for it is the heart by whose virtue and pulse 
the blood is moved, perfected, and made nutrient, and is preserved 
from corruption and coagulation; it is the household divinity which, 
discharging its function, nourishes, cherishes, quickens the whole 
body, and is indeed the foundation of life, the source of all action- 
But of these things we shall speak more opportunely when we come 
to speculate upon the final cause of this motion of the heart. 

As the blood-vessels, therefore, are the canals and agents that 
transport the blood, they are of two kinds, the cava and the aorta; 
and this not by reason of there being two sides of the body, as 
Aristotle has it, but because of the difference of office, not, as is 
commonly said, in consequence of any diversity of structure, for in 
many animals, as I have said, the vein does not differ from the 
artery in the thickness of its walls, but solely in virtue of their dis- 
tinct functions and uses. A vein and an artery, both styled veins 
by the ancients, and that not without reason, as Galen has remarked, 
for the artery is the vessel which carries the blood from the heart to 
the body at large, the vein of the present day bringing it back from 
the general system to the heart; the former is the conduit from, the 
latter the channel to, the heart; the latter contains the cruder, effete 
blood, rendered unfit for nutrition; the former transmits the di- 
gested, perfect, peculiarly nutritive fluid. 
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CHAPTER IX 


THAT THERE IS A CIRCULATION OF THE BLOOD 1s CONFIRMED 
FROM THE First PROPOSITION 


But lest anyone should say that we give them words only, and 
make mere specious assertions without any foundation, and desire 
to innovate without sufficient cause, three points present themselves 
for confirmation, which, being stated, I conceive that the truth I 
contend for will follow necessarily, and appear as a thing obvious to 
all. First, the blood is incessantly transmitted by the action of 
the heart from the vena cava to the arteries in such quantity that it 
cannot be supplied from the ingesta, and in such a manner that the 
whole must very quickly pass through the organ; second, the 
blood under the influence of the arterial pulse enters and is im- 
pelled in a continuous, equable, and incessant stream through every 
part and member of the body, in much larger quantity than were 
sufficient for nutrition, or than the whole mass of fluids could supply; 
third, the veins in like manner return this blood incessantly to 
the heart from parts and members of the body. These points 
proved, I conceive it will be manifest that the blood circulates, 
revolves, propelled and then returning, from the heart to the 
extremities, from the extremities to the heart, and thus that it per- 
forms a kind of circular motion. 

Let us assume, either arbitrarily or from experiment, the quantity 
of blood which the left ventricle of the heart will contain when dis- 
tended, to be, say, two ounces, three ounces, or one ounce and a 
half—in the dead body I have found it to hold upwards of two 
ounces. Let us assume further how much less the heart will hold 
in the contracted than in the dilated state; and how much blood it 
will project into the aorta upon each contraction; and all the 
world allows that with the systole something is always projected, 
a necessary consequence demonstrated in the third chapter, and 
obvious from the structure of the valves; and let us suppose as 
approaching the truth that the fourth, or fifth, or sixth, or even but 
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the eighth part of its charge is thrown into the artery at each con- 
traction; this would give either half an ounce, or three drachms, or 
one drachm of blood as propelled by the heart at each pulse into the 
aorta; which quantity, by reason of the valves at the root of the 
vessel, can by no means return into the ventricle. Now, in the 
course of half an hour, the heart will have made more than one 
thousand beats, in some as many as two, three, and even four thou- 
sand. Multiplying the number of drachms propelled by the num- 
ber of pulses, we shall have either one thousand half ounces, or 
one thousand times three drachms, or a like proportional quantity of 
blood, according to the amount which we assume as propelled with 
each stroke of the heart, sent from this organ into the artery—a 
larger quantity in every case than is contained in the whole body! 
In the same way, in the sheep or dog, say but a single scruple of 
blood passes with each stroke of the heart, in one half-hour we 
should have one thousand scruples, or about three pounds and a 
half, of blood injected into the aorta; but the body of neither animal 
contains above four pounds of blood, a fact which I have myself as- 
certained in the case of the sheep. 

Upon this supposition, therefore, assumed merely as a ground for 
reasoning, we see the whole mass of blood passing through the 
heart, from the veins to the arteries, and in like manner through 
the lungs. 

But let it be said that this does not take place in half an hour, 
but in an hour, or even in a day; any way, it is still manifest that 
more blood passes through the heart in consequence of its action, 
than can either be supplied by the whole of the ingesta, or than 
can be contained in the veins at the same moment. 

Nor can it be allowed that the heart in contracting sometimes 
propels and sometimes does not propel, or at most propels but very 
little, a mere nothing, or an imaginary something: all this, indeed, 
has already been refuted, and is, besides, contrary both to sense and 
reason. For if it be a necessary effect of the dilatation of the heart 
that its ventricles become filled with blood, it is equally so that, 
contracting, these cavities should expel their contents; and this not 
in any trifling measure. For neither are the conduits small, nor 
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the contractions few in number, but frequent, and always in some 
certain proportion, whether it be a third or a sixth, or an eighth, 
to the total capacity of the ventricles, so that a like proportion of 
blood must be expelled, and a like proportion received with each 
stroke of the heart, the capacity of the ventricle contracted always 
bearing a certain relation to the capacity of the ventricle when 
dilated. And since, in dilating, the ventricles cannot be supposed to 
get filled with nothing, or with an imaginary something, so in con- 
tracting they never expel nothing or aught imaginary, but always a 
certain something, viz., blood, in proportion to the amount of the 
contraction. Whence it is to be concluded that if at one stroke the 
heart of man, the ox, or the sheep, ejects but a single drachm of blood 
and there are one thousand strokes in half an hour, in this interval 
there will have been ten pounds five ounces expelled; if with each 
stroke two drachms are expelled, the quantity would, of course, 
amount to twenty pounds and ten ounces; if half an ounce, the 
quantity would come to forty-one pounds and eight ounces; and 
were there one ounce, it would be as much as eighty-three pounds 
and four ounces; the whole of which, in the course of one-half hour, 
would have been transfused from the veins to the arteries. The 
actual quantity of blood expelled at each stroke of the heart, and the 
circumstances under which it is either greater or less than ordinary, 
I leave for particular determination afterwards, from numerous 
observations which I have made on the subject. 

Meantime this much I know, and would here proclaim to all, 
that the blood is transfused at one time in larger, at another in 
smaller, quantity; and that the circuit of the blood is accomplished 
now more rapidly, now more slowly, according to the temperament, 
age, etc., of the individual, to external and internal circumstances, 
to naturals and non-naturals—sleep, rest, food, exercise, affections 
of the mind, and the like. But, supposing even the smallest 
quantity of blood to be passed through the heart and the lungs 
with each pulsation, a vastly greater amount would still be thrown 
into the arteries and whole body than could by any possibility be 
supplied by the food consumed. It could be furnished in no other 
way than by making a circuit and returning. 
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This truth, indeed, presents itself obviously before us when we 
consider what happens in the dissection of living animals; the great 
artery need not be divided, but a very small branch only (as Galen 
even proves in regard to man), to have the whole of the blood in the 
body, as well that of the veins as of the arteries, drained away in the 
course of no long time—some half-hour or less. Butchers are well 
aware of the fact and can bear witness to it; for, cutting the throat 
of an ox and so dividing the vessels of the neck, in less than a 
quarter of an hour they have all the vessels bloodless—the whole 
mass of blood has escaped. The same thing also occasionally 
occurs with great rapidity in performing amputations and removing 
tumors in the human subject. 

Nor would this argunient lose any of its force, did any one say 
that in killing animals in the shambles, and performing amputa- 
tions, the blood escaped in equal, if not perchance in larger quantity 
by the veins than by the arteries. The contrary of this statement, 
indeed, is certainly the truth; the veins, in fact, collapsing, and 
being without any propelling power, and further, because of the 
impediment of the valves, as I shall show immediately, pour out 
but very little blood; whilst the arteries spout it forth with force 
abundantly, impetuously, and as if it were propelled by a syringe. 
And then the experiment is easily tried of leaving the vein untouched 
and only dividing the artery in the neck of a sheep or dog, when it 
will be seen with what force, in what abundance, and how quickly, 
the whole blood in the body, of the veins as well as of the arteries, is 
emptied. But the arteries receive blood from the veins in no other 
way than by transmission through the heart, as we have already 
seen; so that if the aorta be tied at the base of the heart, and the 
carotid or any other artery be opened, no one will now be surprised 
to find it empty, and the veins only replete with blood. 

And now the cause is manifest, why in our dissections we usually 
find so large a quantity of blood in the veins, so little in the arteries ; 
why there is much in the right ventricle, little in the left, which 
probably led the ancients to believe that the arteries (as their name 
implies) contained nothing but spirits during the life of an animal. 
The true cause of the difference is perhaps this, that as there is no 
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passage to the arteries, save through the lungs and heart, when an 
animal has ceased to breathe and the lungs to move, the blood in the 
pulmonary artery is prevented from passing into the pulmonary 
veins, and from thence into the left ventricle of the heart; just as we 
have already seen the same transit prevented in the embryo, by the 
want of movement in the lungs and the alternate opening and shut- 
ting of their hidden and invisible porosities and apertures. But the 
heart not ceasing to act at the same precise moment as the lungs, 
but surviving them and continuing to pulsate for a time, the left 
ventricle and arteries go on distributing their blood to the body at 
large and sending it into the veins; receiving none from the lungs, 
however, they are soon exhausted, and left, as it were,empty. But 
even this fact confirms our views, in no trifling manner, seeing that 
it can be ascribed to no other than the cause we have just assumed. 

Moreover, it appears from this that the more frequently or forcibly 
the arteries pulsate, the more speedily will the body be exhausted of 
its blood during hemorrhage. Hence, also, it happens, that in 
fainting fits and in states of alarm, when the heart beats more 
languidly and less forcibly, hemorrhages are diminished and 
arrested. 

Still further, it is from this, that after death, when the heart has 
ceased to beat, it is impossible, by dividing either the jugular or 
femoral veins and arteries, by any effort, to force out more than one- 
half of the whole mass of the blood. Neither could the butcher ever 
bleed the carcass effectually did he neglect to cut the throat of the 
ox which he has knocked on the head and stunned, before the heart 
had ceased beating. 

Finally, we are now in a condition to suspect wherefore it is that 
no one has yet said anything to the purpose upon the anastomosis 
of the veins and arteries, either as to where or how it is effected, or 
for what purpose. I now enter upon the investigation of the sub- 


ject. 


78 WILLIAM HARVEY 


CHAPTER X 


Tur First PosiTion: oF THE QuANTITY OF BLoop PASSING FROM 
THE VEINS TO THE ARTERIES. AND THAT THERE IS A CIRCUIT 
oF THE BLoop, FREED FROM OBJECTIONS, AND FARTHER 
CONFIRMED BY EXPERIMENT 


So far our first position is confirmed, whether the thing be referred 
to calculation or to experiment and dissection, viz., that the blood is 
incessantly poured into the arteries in larger quantities than it can 
be supplied by the food; so that the whole passing over in a short 
space of time, it is matter of necessity that the blood perform a 
circuit, that it return to whence it set out. 

But if anyone shall here object that a large quantity may pass 
through and yet no necessity be found for a circulation, that all 
may come from the meat and drink consumed, and quote as an 
illustration the abundant supply of milk in the mamme—for a cow 
will give three, four, and even seven gallons and more in a day, and 
a woman two or three pints whilst nursing a child or twins, which 
must manifestly be derived from the food consumed; it may be 
answered that the heart by computation does as much and more in 
the course of an hour or two. 

And if not yet convinced, he shall still insist that when an artery 
is divided, a preternatural route is, as it were, opened, and that so 
the blood escapes in torrents, but that the same thing does not 
happen in the healthy and uninjured body when no outlet is made; 
and that in arteries filled, or in their natural state, so large a 
quantity of blood cannot pass in so short a space of time as to 
make any return necessary—to all this it may be answered that, 
from the calculation already made, and the reasons assigned, it 
appears that by so much as the heart in its dilated state contains, 
in addition to its contents in the state of constriction, so much 
in a general way must it emit upon each pulsation, and in such 
quantity must the blood pass, the body being entire and naturally 
constituted. 

But in serpents, and several fishes, by tying the veins some way 
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below the heart you will perceive a space between the ligature and 
the heart speedily to become empty; so that, unless you would deny 
the evidence of your senses, you must needs admit the return of the 
blood to the heart. The same thing will also plainly appear when 
we come to discuss our second position. 

Let us here conclude with a single example, confirming all that 
has been said, and from which everyone may obtain conviction 
through the testimony of his own eyes. 

If a live snake be laid open, the heart will be seen pulsating 
quietly, distinctly, for more than an hour, moving like a worm, con- 
tracting in its longitudinal dimensions, (for it is of an oblong shape,) 
and propelling its contents. It becomes of a paler colour in the 
systole, of a deeper tint in the diastole; and almost all things 
else are seen by which I have already said that the truth I contend 
for is established, only that here everything takes place more slowly, 
and is more distinct. This point in particular may be observed 
more clearly than the noon-day sun: the vena cava enters the 
heart at its lower part, the artery quits it at the superior part; 
the vein being now seized either with forceps or between the finger 
and the thumb, and the course of the blood for some space below 
the heart interrupted, you will perceive the part that intervenes 
between the fingers and the heart almost immediately to become 
empty, the blood being exhausted by the action of the heart; at the 
same time the heart will become of a much paler colour, even in its 
state of dilatation, than it was before; it is also smaller than at 
first, from wanting blood: and then it begins to beat more slowly, 
so that it seems at length as if it were about to die. But the impedi- 
ment to the flow of blood being removed, instantly the colour and 
the size of the heart are restored. 

If, on the contrary, the artery instead of the vein be compressed or 
tied, you will observe the part between the obstacle and the heart, 
and the heart itself, to become inordinately distended, to assume a 
deep purple or even livid colour, and at length to be so much op- 
pressed with blood that you will believe it about to be choked; 
but the obstacle removed, all things immediately return to their 
natural state in colour, size, and impulse. 
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Here then we have evidence of two kinds of death: extinction 
from deficiency, and suffocation from excess. Examples of both 
have now been set before you, and you have had opportunity of 
viewing the truth contended for with your own eyes in the heart. 


CHAPTER XI 
Tuer Sreconp Position 1s DEMONSTRATED 


That this may the more clearly appear to everyone, I have here 
to cite certain experiments, from which it seems obvious that the 
blood enters a limb by the arteries, and returns from it by the veins; 
that the arteries are the vessels carrying the blood from the heart, 
and the veins the returning channels of the blood to the heart; that 
in the limbs and extreme parts of the body the blood passes either 
immediately by anastomosis from the arteries into the veins, or 
mediately by the porosities of the flesh, or in both ways, as has 
already been said in speaking of the passage of the blood through 
the lungs whence it appears manifest that in the circuit the blood 
moves from that place to this place, and from that point to this one; 
from the centre to the extremities, to wit; and from the extreme 
parts back again to the centre. Finally, upon grounds of calcula- 
tion, with the same elements as before, it will be obvious that the 
quantity can neither be accounted for by the ingesta, nor yet be held 
necessary to nutrition. 

The same thing will also appear in regard to ligatures, and 
wherefore they are said to draw; though this is neither from the 
heat, nor the pain, nor the vacuum they occasion, nor indeed from 
any other cause yet thought of; it will also explain the uses and 
advantages to be derived from ligatures in medicine, the principle 
upon which they either suppress or occasion hemorrhage; how they 
induce sloughing and more extensive mortification in extremities; 
and how they act in the castration of animals and the removal of 
warts and fleshy tumours. But it has come to pass, from no one 
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having duly weighed and understood the causes and rationale of 
these various effects, that though almost all, upon the faith of the 
old writers, recommend ligatures in the treatment of disease, yet 
very few comprehend their proper employment, or derive any real 
assistance from them in effecting cures. 

Ligatures are either very tight or of medium tightness. A liga- 
ture I designate as tight or perfect when it so constricts an ex- 
tremity that no vessel can be felt pulsating beyond it. Such a 
ligature we use in amputations to control the flow of blood; and 
such also are employed in the castration of animals and the ablation 
of tumours. In the latter instances, all afflux of nutriment and heat 
being prevented by the ligature, we see the testes and large fleshy 
tumours dwindle, die, and finally fall off. 

Ligatures of medium tightness I regard as those which compress a 
limb firmly all round, but short of pain, and in such a way as still 
suffers a certain degree of pulsation to be felt in the artery beyond 
them. Such a ligature is in use in blood-letting, an operation in 
which the fillet applied above the elbow is not drawn so tight but that 
the arteries at the wrist may still be felt beating under the finger. 

Now let anyone make an experiment upon the arm of a man, 
either using such a fillet as is employed in blood-letting, or grasping 
the limb lightly with his hand, the best subject for it being one who 
is lean, and who has large veins, and the best time after exercise, 
when the body is warm, the pulse is full, and the blood carried in 
larger quantity to the extremities, for all then is more conspicuous; 
under such circumstances let a ligature be thrown about the extrem- 
ity, and drawn as tightly as can be borne, it will first be perceived 
that beyond the ligature, neither in the wrist nor anywhere else, do 
the arteries pulsate, at the same time that immediately above the 
ligature the artery begins to rise higher at each diastole, to throb 
more violently, and to swell in its vicinity with a kind of tide, as if it 
strove to break through and overcome the obstacle to its current; 
the artery here, in short, appears as if it were preternaturally full. 
The hand under such circumstances retains its natural colour and 
appearance; in the course of time it begins to fall somewhat in 
temperature, indeed, but nothing is drawn into it. 
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After the bandage has been kept on for some short time in this 
way, let it be slackened a little, brought to that state or term of 
medium tightness which is used in bleeding, and it will be seen that 
the whole hand and arm will instantly become deeply coloured 
and distended, and the veins show themselves tumid and knotted; 
after ten or twelve pulses of the artery, the hand will be perceived 
excessively distended, injected, gorged with blood, drawn, as it is 
said, by this medium ligature, without pain, or heat, or any horror 
of a vacuum, or any other cause yet indicated. 

If the finger be applied over the artery as it is pulsating by the 
edge of the fillet, at the moment of slackening it, the blood will be 
felt to glide through, as it were, underneath the finger; and he, 
too, upon whose arm the experiment is made, when the ligature is 
slackened, is distinctly conscious of a sensation of warmth, and of 
something, viz., a stream of blood suddenly making its way along 
the course of the vessels and diffusing itself through the hand, which 
at the same time begins to feel hot, and becomes distended. 

As we had noted, in connexion with the tight ligature, that the 
artery above the bandage was distended and pulsated, not below it, 
so, in the case of the moderately tight bandage, on the contrary, do 
we find that the veins below, never above, the fillet, swell , and be- 
come dilated, whilst the arteries shrink; and such is the degree of 
distension of the veins here, that it is only very strong pressure that 
will force the blood beyond the fillet, and cause any of the veins in 
the upper part of the arm to rise. 

From these facts it is easy for every careful observer to learn that 
the blood enters an extremity by the arteries; for when they are 
effectually compressed nothing is drawn to the member; the hand 
preserves its colour; nothing flows into it, neither is it distended; 
but when the pressure is diminished, as it is with the bleeding fillet, 
it is manifest that the blood is instantly thrown in with force, for 
then the hand begins to swell; which is as much as to say, that when 
the arteries pulsate the blood is flowing through them, as it is when 
the moderately tight ligature is applied; but where they do not 
pulsate, as, when a tight ligature is used, they cease from trans- 
mitting anything, they are only distended above the part where the 
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ligature is applied. The veins again being compressed, nothing can 
flow through them; the certain indication of which is, that below 
the ligature they are much more tumid than above it, and than 
they usually appear when there is no bandage upon the arm. 

It therefore plainly appears that the ligature prevents the return 
of the blood through the veins to the parts above it, and maintains 
those beneathit in a state of permanent distension. But the arteries, 
in spite of its pressure, and under the force and impulse of the heart, 
send on the blood from the internal parts of the body to the parts 
beyond the ligature. And herein consists the difference between 
the tight and the medium ligature, that the former not only prevents 
the passage of the blood in the veins, but in the arteries also; 
the latter, however, whilst it does not prevent the force of the pulse 
from extending beyond it, and so propelling the blood to the ex- 
tremities of the body, compresses the veins, and greatly or altogether 
impedes the return of the blood through them. 

Seeing, therefore, that the moderately tight ligature renders 
the veins turgid and distended, and the whole hand full of blood, I 
ask, whence is this? Does the blood accumulate below the liga- 
ture coming through the veins, or through the arteries, or passing by 
certain hidden porosities? ‘Through the veins it cannot come; 
still less can it come through invisible channels; it must needs, then, 
arrive by the arteries, in conformity with all that has been already 
said. That it cannot flow in by the veins appears plainly enough 
from the fact that the blood cannot be forced towards the heart un- 
less the ligature be removed; when this is done suddenly all the 
veins collapse, and disgorge themselves of their contents into the 
superior parts, the hand at the same time resumes its natural pale 
colour, the tumefaction and the stagnating blood having dis- 
appeared. 

Moreover, he whose arm or wrist has thus been bound for some 
little time with the medium bandage, so that it has not only got 
swollen and livid but cold, when the fillet is undone is aware 
of something cold making its way upwards along with the return- 
ing blood, and reaching the elbow or the axilla. And I have my- 
self been inclined to think that this cold blood rising upwards to the 
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heart was the cause of the fainting that often occurs after blood- 
letting: fainting frequently supervenes even in robust subjects, and 
mostly at the moment of undoing the fillet, as the vulgar say, from 
the turning of the blood. 

Farther, when we see the veins below the ligature instantly 
swell up and become gorged, when from extreme tightness it is 
somewhat relaxed, the arteries meantime continuing unaffected, 
this is an obvious indication that the blood passes from the arteries 
into the veins, and not from the veins into the arteries, and that there 
is either an anastomosis of the two orders of vessels, or porosities in 
the flesh and solid parts generally that are permeable to the blood. 
It is farther an indication that the veins have frequent communica- 
tions with one another, because they all become turgid together, 
whilst under the medium ligature applied above the elbow; and if 
any single small vein be pricked with a lancet, they all speedily 
shrink, arid disburthening themselves into this they subside almost 
simultaneously. 

These considerations will enable anyone to understand the nature 
of the attraction that is exerted by ligatures, and perchance of 
fluxes generally; how, for example, when the veins are compressed 
by a bandage of medium tightness applied above the elbow, the 
blood cannot escape, whilst it still continues to be driven in, by the 
forcing power of the heart, by which the parts are of necessity filled, 
gorged with blood. And how should it be otherwise? Heat and 
pain and a vacuum draw, indeed; but in such wise only that parts 
are filled, not preternaturally distended or gorged, and not so 
suddenly and violently overwhelmed with the charge of blood forced 
in upon them, that the flesh is lacerated and the vessels ruptured. 
Nothing of the kind as an effect of heat, or pain, or the vacuum 
force, is either credible or demonstrable. 

Besides, the ligature is competent to occasion the afflux in ques- 
tion without either pain, or heat, or a vacuum. Were pain in any 
way the cause, how should it happen that, with the arm bound above 
the elbow, the hand and fingers should swell below the bandage, and 
their veins become distended? ‘The pressure of the bandage cer- 
tainly prevents the blood from getting there by the veins. And 
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then, wherefore is there neither swelling nor repletion of the veins, 
nor any sign or symptom of attraction or afflux, above the ligature ? 
But this is the obvious cause of the preternatural attraction and 
swelling below the bandage, and in the hand and fingers, that the 
blood is entering abundantly, and with force, but cannot pass out 
again. 

Now is not this the cause of all tumefaction, as indeed Avicenna 
has it, and of all oppressive redundancy in parts, that the access to 
them is open, but the egress from them is closed? Whence it 
comes that they are gorged and tumefied. And may not the same 
thing happen in local inflammations, where, so long as the swelling 
is on the increase, and has not reached its extreme term, a full pulse 
is felt in the part, especially when the disease is of the more acute 
kind, and the swelling usually takes place most rapidly. But these 
are matters for after discussion. Or does this, which occurred in 
my own case, happen from the same cause. ‘Thrown from a 
carriage upon one occasion, I struck my forehead a blow upon the 
place where a twig of the artery advances from the temple, and im- 
mediately, within the time in which twenty beats could have been 
made I felt a tumour the size of an egg developed, without either 
heat or any great pain: the near vicinity of the artery had caused 
the blood to be effused into the bruised part with unusual force and 
velocity. 

And now, too, we understand why in phlebotomy we apply our 
ligature above the part that is punctured, not below it; did the flow 
come from above, not from below, the constriction in this case would 
not only be of no service, but would prove a positive hindrance; 
it would have to be applied below the orifice, in order to have the 
flow more free, did the blood descend by the veins from superior to 
inferior parts; but as it is elsewhere forced through the extreme 
arteries into the extreme veins, and the return in these last is 
opposed by the ligature, so do they fill and swell, and being thus 
filled and distended, they are made capable of projecting their 
charge with force, and to a distance, when any one of them is 
suddenly punctured; but the ligature being slackened, and the 
returning channels thus left open, the blood forthwith no longer 
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escapes, save by drops; and, as all the world knows, if in performing 
phlebotomy the bandage be either slackened too much or the limb 
be bound too tightly, the blood escapes without force, because in 
the one case the returning channels are not adequately obstructed ; 
in the other the channels of influx, the arteries, are impeded. 


CHAPTER XII 


THAT THERE IS A CIRCULATION OF THE BLOOD IS SHOWN FROM 
THE SECOND PosiTION DEMONSTRATED 


If these things be so, another point which I have already referred 
to, viz., the continual passage of the blood through the heart will 
also be confirmed. We have seen, that the blood passes from the 
arteries into the veins, not from the veins into the arteries; we have 
seen, farther, that almost the whole of the blood may be withdrawn 
from a puncture made in one of the cutaneous veins of the arm 
if a bandage properly applied be used; we have seen, still farther, 
that the blood flows so freely and rapidly that not only is the whole 
quantity which was contained in the arm beyond the ligature, and 
before the puncture was made, discharged, but the whole which is 
contained in the body, both that of the arteries and that of the veins. 

Whence we must admit, first, that the blood is sent along with an 
impulse, and that it is urged with force below the ligature; for it 
escapes with force, which force it receives from the pulse and power 
of the heart; for the force and motion of the blood are derived from 
the heart alone. Second, that the afflux proceeds from the heart, 
and through the heart by a course from the great veins; for it gets 
into the parts below the ligature through the arteries, not through 
the veins; and the arteries nowhere receive blood from the veins, 
nowhere receive blood save and except from the left ventricle of the 
heart. Nor could so large a quantity of blood be drawn from one 
vein (a ligature having been duly applied), nor with such impetuos- 
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ity, such readiness, such celerity, unless through the medium of the 
impelling power of the heart. 

But if all things be as they are now represented, we shall feel 
ourselves at liberty to calculate the quantity of the blood, and to 
reason on its circular motion. Should anyone, for instance, per- 
forming phlebotomy, suffer the blood to flow in the manner it usually 
does, with force and freely, for some half hour or so, no question 
but that the greatest part of the blood being abstracted, faintings 
and syncopes would ensue, and that not only would the arteries but 
the great veins also be nearly emptied of their contents. It is only 
consonant with reason to conclude that in the course of the half hour 
hinted at, so much as has escaped has also passed from the great 
veins through the heart into the aorta. And further, if we calculate 
how many ounces flow through one arm, or how many pass in 
twenty or thirty pulsations under the medium ligature, we shall 
have some grounds for estimating how much passes through the 
other arm in the same space of time: how much through both lower 
extremities, how much through the neck on either side, and through 
all the other arteries and veins of the body, all of which have been 
supplied with fresh blood, and as this blood must have passed 
through the lungs and ventricles of the heart, and must have come 
from the great veins,—we shall perceive that a circulation is ab- 
solutely necessary, seeing that the quantities hinted at cannot be 
supplied immediately from the ingesta, and are vastly more than 
can be requisite for the mere nutrition of the parts. 

It is still further to be observed, that in practising phlebotomy the 
truths contended for are sometimes confirmed in another way; 
for having tied up the arm properly, and made the puncture duly, 
still, if from alarm or any other causes, a state of faintness super- 
venes, in which the heart always pulsates more languidly, the blood 
does not flow freely, but distils by drops only. The reason is, that 
with a somewhat greater than usual resistance offered to the transit 
of the blood by the bandage, coupled with the weaker action of the 
heart, and its diminished impelling power, the stream cannot make 
its way under the ligature; and farther, owing to the weak and lan- 
guishing state of the heart, the blood is not transferred in such 
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quantity as wont from the veins to the arteries through the sinuses 
of that organ. So also, and for the same reasons, are the menstrual 
fluxes of women, and indeed hemorrhages of every kind, controlled. 
And now, a contrary state of things occurring, the patient getting 
rid of his fear and recovering his courage, the pulse strength is in- 
creased, the arteries begin again to beat with greater force, and to 
drive the blood even into the part that is bound; so that the blood 
now springs from the puncture in the vein, and flows in a continuous 
stream. 


CHAPTER XIII 


Tuer Turrp Position 1s CONFIRMED: AND THE CIRCULATION OF 
THE BLoop 1s DEMONSTRATED FROM IT 


Thus far we have spoken of the quantity of blood passing through 
the heart and the lungs in the centre of the body, and in like manner 
from the arteries into the veins in the peripheral parts and the body . 
at large. We have yet to explain, however, in what manner the 
blood finds its way back to the heart from the extremities by the 
veins, and how and in what way these are the only vessels that con- 
vey the blood from the external to the central parts; which done, I 
conceive that the three fundamental propositions laid down for the 
circulation of the blood will be so plain, so well established, so 
obviously true, that they may claim general credence. Now the 
remaining position will be made sufficiently clear from the valves 
which are found in the cavities of the veins themselves, from the uses 
of these, and from experiments cognizable by the senses. 

The celebrated Hieronymus Fabricius of Aquapendente, a most 
skilful anatomist, and venerable old man, or, as the learned Riolan 
will have it, Jacobus Silvius, first gave representations of the valves 
in the veins, which consist of raised or loose portions of the inner 
membranes of these vessels, of extreme delicacy, and a sigmoid or 
semilunar shape. ‘They are situated at different distances from one 
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another, and diversely in different individuals; they are connate 
at the sides of the veins; they are directed upwards towards the 
trunks of the veins; the two—for there are for the most part two 
together—regard each other, mutually touch, and are so ready to 
come into contact by their edges, that if anything attempts to pass 
from the trunks into the branches of the veins, or from the greater 
vessels into the less, they completely prevent it; they are farther so 
arranged, that the horns of those that succeed are opposite the 
middle of the convexity of those that precede, and so on alternately. 

The discoverer of these valves did not rightly understand their 
use, nor have succeeding anatomists added anything to our knowl- 
edge: for their office is by no means explained when we are told that 
it is to hinder the blood, by its weight, from all flowing into inferior 
parts; for the edges of the valves in the jugular veins hang down- 
wards, and are so contrived that they prevent the blood from rising 
upwards; the valves, in a word, do not invariably look upwards, but 
always toward the trunks of the veins, invariably towards the seat 
of the heart. I, and indeed others, have sometimes found valves in 
the emulgent veins, and in those of the mesentery, the edges of 
which were directed towards the vena cava and vena porte. Let 
it be added that there are no valves in the arteries, and that dogs, 
oxen, etc., have invariably valves at the divisions of their crural 
veins, in the veins that meet towards the top of the os sacrum, and 
in those branches which come from the haunches, in which no 
such effect of gravity from the erect position was to be apprehended. 
Neither are there valves in the jugular veins for the purpose of 
guarding against apoplexy, as some have said; because in sleep 
the head is more apt to be influenced by the contents of the carotid 
arteries. Neither are the valves present, in order that the blood 
may be retained in the divarications or smaller trunks and minuter 
branches, and not be suffered to flow entirely into the more open 
and capacious channels; for they occur where there are no divari- 
cations; although it must be owned that they are most frequent at 
the points where branches join. Neither do they exist for the pur- 
pose of rendering the current of blood more slow from the centre 
of the body; for it seems likely that the blood would be disposed to 
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flow with sufficient slowness of its own accord, as it would have to 
pass from larger into continually smaller vessels, being separated 
from the mass and fountain head, and attaining from warmer into 
colder places. 

But the valves are solely made and instituted lest the blood should 
pass from the greater into the lesser veins, and either rupture them 
or cause them to become varicose; lest, instead of advancing from 
the extreme to the central parts of the body, the blood should 
rather proceed along the veins from the centre to the extremities; 
but the delicate valves, while they readily open in the right direction, 
entirely prevent all such contrary motion, being so situated and ar- 
ranged, that if anything escapes, or is less perfectly obstructed by the 
cornua of the one above, the fluid passing, as it were, by the chinks 
between the cornua, it is immediately received on the convexity 
of the one beneath, which is placed transversely with reference 
to the former, and so is effectually hindered from getting any 
farther. 

And this I have frequently experienced in my dissections of the 
veins: if I attempted to pass a probe from the trunk of the veins 
into one of the smaller branches, whatever care I took I found it 
impossible to introduce it far any way, by reason of the valves; 
whilst, on the contrary, it was most easy to push it along in the op- 
posite direction, from without inwards, or from the branches 
towards the trunks and roots. In many places two valves are so 
placed and fitted, that when raised they come exactly together in the 
middle of the vein, and are there united by the contact of their 
margins; and so accurate is the adaptation, that neither by the eye 
nor by any other means of examination, can the slightest chink 
along the line of contact be perceived. But if the probe be now 
introduced from the extreme towards the more central parts, the 
valves, like the floodgates of a river, give way, and are most readily 
pushed aside. The effect of this arrangement plainly is to prevent 
all motion of the blood from the heart and vena cava, whether it be 
upwards towards the head, or downwards towards the feet, or to 
either side towards the arms, not a drop can pass; all motion of the 
blood, beginning in the larger and tending towards the smaller 
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veins, is opposed and resisted by them; whilst the motion that pro- 
ceeds from the lesser to end in the larger branches is favoured, or, 
at all events, a free and open passage is left for it. 

But that this truth may be made the more apparent, let an arm 
be tied up above the elbow as if for phlebotomy (A, A, fig. 1). At 
intervals in the course of the veins, especially in labouring people 
and those whose veins are large, certain knots or elevations (B, C, 
D, E, F) will be perceived, and this not only at the places where a 
branch is received (E, F), but also where none enters (C, D): 
these knots or risings are all formed by valves, which thus show 
themselves externally. And now if you press the blood from the 
space above one of the valves, from H to O, (fig. 2,) and keep the 
point of a finger upon the vein inferiorly, you will see no influx of 
blood from above; the portion of the vein between the point of the 
finger and the valve O will be obliterated; yet will the vessel con- 
tinue sufficiently distended above the valve (O, G). The blood 
being thus pressed out, and the vein emptied, if you now apply a 
finger of the other hand upon the distended part of the vein above the 
valve O, (fig. 3,) and press downwards, you will find that you cannot 
force the blood through or beyond the valve; but the greater effort 
you use, you will only see the portion of vein that is between the 
finger and the valve become more distended, that portion of the 
vein which is below the valve remaining all the while empty (H, O, 
fig. 3). 

It would therefore appear that the function of the valves in the 
veins is the same as that of the three sigmoid valves which we find 
at the commencement of the aorta and pulmonary artery, viz., to 
prevent all reflux of the blood that is passing over them. 

{[Nore.—Woodcuts of the veins of the arm to which these letters 
and figures refer appear here in the original.—C. N. B. C.] 

Farther, the arm being bound as before, and the veins looking 
full and distended, if you press at one part in the course of a vein 
with the point of a finger (L, fig. 4), and then with another finger streak 
the blood upwards beyond the next valve (N), you will perceive that 
this portion of the vein continues empty (LN), and that the blood 
cannot retrograde, precisely as we have already seen the case to be 
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in fig. 2; but the finger first applied (H, fig. 2, L, fig. 4), being re- 
moved, immediately the vein is filled from below, and the arm 
becomes as it appears at D C, fig. 1. That the blood in the veins 
therefore proceeds from inferior or more remote parts, and towards 
the heart, moving in these vessels in this and not in the contrary 
direction, appears most obviously. And although in some places 
the valves, by not acting with such perfect accuracy, or where there 
is but a single valve, do not seem totally to prevent the passage of the 
blood from the centre, still the greater number of them plainly do 
so; and then, where things appear contrived more negligently, 
this is compensated either by the more frequent occurrence or 
more perfect action of the succeeding valves, or in some other 
way: the veins in short, as they are the free and open conduits 
of the blood returning to the heart, so are they effectually pre- 
vented from serving as its channels of distribution from the 
heart. 

But this other circumstance has to be noted: The arm being 
bound, and the veins made turgid, and the valves prominent, as 
before, apply the thumb or finger over a vein in the situation of one 
of the valves in such a way as to compress it, and prevent any blood 
from passing upwards from the hand; then, with a finger of the 
other hand, streak the blood in the vein upwards till it has passed 
the next valve above (N, fig. 4), the vessel now remains empty; 
but the finger at L being removed for an instant, the vein is im- 
mediately filled from below; apply the finger again, and having 
in the same manner streaked the blood upwards, again remove 
the finger below, and again the vessel becomes distended as 
before; and this repeat, say a thousand times, in a short space of 
time. And now compute the quantity of blood which you have 
thus pressed up beyond the valve, and then multiplying the as- 
sumed quantity by one thousand, you will find that so much blood 
has passed through a certain portion of the vessel; and I do now 
believe that you will find yourself convinced of the circulation of the 
blood, and of its rapid motion. But if in this experiment you say 
that a violence is done to nature, I do not doubt but that, if you 
proceed in the same way, only taking as great a length of vein as 
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possible, and merely remark with what rapidity the blood flows up- 
wards, and fills the vessel from below, you will come to the same 
conclusion. 


CHAPTER XIV 
CONCLUSION OF THE DEMONSTRATION OF THE CIRCULATION 


And now I may be allowed to give in brief my view of the circula- 
tion of the blood, and to propose it for general adoption. 

Since all things, both argument and ocular demonstration, show 
that the blood passes through the lungs, and heart by the force of 
the ventricles, and is sent for distribution to all parts of the body, 
where it makes its way into the veins and porosities of the flesh, and 
then flows by the veins from the circumference on every side to the 
centre, from the lesser to the greater veins, and is by them finally dis- 
charged into the vena cava and right auricle of the heart, and this in 
such a quantity or in such a flux and reflux thither by the arteries, 
hither by the veins, as cannot possibly be supplied by the ingesta, 
and is much greater than can be required for mere purposes of 
nutrition; it is absolutely necessary to conclude that the blood in the 
animal body is impelled in a circle, and is in a state of ceaseless 
motion; that this is the act or function which the heart performs by 
means of its pulse; and that it is the sole and only end of the motion 
and contraction of the heart. 


CHAPTER XV 


Tur CIRCULATION OF THE BLoop 1s FurRTHER CONFIRMED BY 
PROBABLE REASONS 


It will not be foreign to the subject if I here show further, from 
certain familiar reasonings, that the circulation is matter both of 
convenience and necessity. In the first place, since death is a 
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corruption which takes place through deficiency of heat,* and since 
all living things are warm, all dying things cold, there must be a 
particular seat and fountain, a kind of home and hearth, where the 
cherisher of nature, the original of the native fire, is stored and 
preserved; from which heat and life are dispensed to all parts as 
from a fountain head; from which sustenance may be derived; and 
upon which concoction and nutrition, and all vegetative energy may 
depend. Now, that the heart is this place, that the heart is the 
principle of life, and that all passes in the manner just mentioned, 
I trust no one will deny. 

The blood, therefore, required to have motion, and indeed such 
a motion that it should return again to the heart; for sent to the ex- 
ternal parts of the body far from its fountain, as Aristotle says, 
and without motion, it would become congealed. For we see 
motion generating and keeping up heat and spirits under all circum- 
stances, and rest allowing them to escape and be dissipated. The 
blood, therefore, becoming thick or congealed by the cold of the ex- 
treme and outward parts, and robbed of its spirits, just as it is in 
the dead, it was imperative that from its fount and origin, it should 
again receive heat and spirits, and all else requisite to its preserva- 
tion—that, by returning, it should be renovated and restored. 

We frequently see how the extremities are chilled by the external 
cold, how the nose and cheeks and hands look blue, and how 
the blood, stagnating in them as in the pendent or lower parts of a 
corpse, becomes of a dusky hue; the limbs at the same time getting 
torpid, so that they can scarcely be moved, and seem almost to have 
lost their vitality. Now they can by no means be so effectually, 
and especially so speedily restored to heat and colour and life, as by 
a new efflux and contact of heat from its source. But how can 
parts attract in which the heat and life are almost extinct ? Or how 
should they whose passages are filled with condensed and frigid 
blood, admit fresh aliment—renovated blood—unless they had 
first got rid of their old contents? Unless the heart were truly that 
fountain where life and heat are restored to the refrigerated fluid, 
and whence new blood, warm, imbued with spirits, being sent out 


* Aristoteles De Respiratione, lib. ii et iii: De Part. Animal. et alibi. 
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by the arteries, that which has become cooled and effete is forced on, 
and all the particles recover their heat which was failing, and their 
vital stimulus wellnigh exhausted. 

Hence it is that if the heart be unaffected, life and health may 
be restored to almost all the other parts of the body; but if the 
heart be chilled, or smitten with any serious disease, it seems matter 
of necessity that the whole animal fabric should suffer and fall into 
decay. When the source is corrupted, there is nothing, as Aristotle 
says,* which can be of service either to it or aught that depends on 
it. And hence, by the way, it may perchance be why grief, and love, 
and envy, and anxiety, and all affections of the mind of a similar 
kind are accompanied with emaciation and decay, or with disordered 
fluids and crudity, which engender all manner of diseases and con- 
sume the body of man. For every affection of the mind that is 
attended with either pain or pleasure, hope or fear, is the cause of 
an agitation whose influence extends to the heart, and there induces 
change from the natural constitution, in the temperature, the pulse 
and the rest, which impairing all nutrition in its source and abating 
the powers at large, it is no wonder that various forms of incurable 
disease in the extremities and in the trunk are the consequence, in- 
asmuch as in such circumstances the whole body labours under the 
effects of vitiated nutrition and a want of native heat. 

Moreover, when we see that all animals live through food di- 
gested in their interior, it is imperative that the digestion and dis- 
tribution be perfect, and, as a consequence, that there be a place and 
receptacle where the aliment is perfected and whence it is distri- 
buted to the several members. Now this place is the heart, for it is 
the only organ in the body which contains blood for the general use; 
all the others receive it merely for their peculiar or private advantage, 
just as the heart also has a supply for its own especial behoof in its 
coronary veins and arteries. But it is of the store which the heart 
contains in its auricles and ventricles that I here speak. Then the 
heart is the only organ which is so situated and constituted that it 
can distribute the blood in due proportion to the several parts of the 
body, the quantity sent to each being according to the dimensions 


* De Part. Animal. iii. 
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of the artery which supplies it, the heart serving as a magazine or 
fountain ready to meet its demands. 

Further, a certain impulse or force, as well as an impeller or 
forcer, such as the heart, was required to effect this distribution 
and motion of the blood; both because the blood is disposed from 
slight causes, such as cold, alarm, horror, and the like, to collect 
in its source, to concentrate like parts to a whole, or the drops of 
water spilt upon a table to the mass of liquid; and because it is 
forced from the capillary veins into the smaller ramifications, and 
from these into the larger trunks by the motion of the extremities 
and the compression of the muscles generally. The blood is thus 
more disposed to move from the circumference to the centre than in 
the opposite direction, even were there no valves to oppose its 
motion; wherefore, that it may leave its source and enter more con- 
fined and colder channels, and flow against the direction to which it 
spontaneously inclines, the blood requires both force and impelling 
power. Now such is the heart and the heart alone, and that in the 
way and manner already explained. 


CHAPTER XVI 


THE CIRCULATION OF THE BLoop 1s FuRTHER PROVED FROM 
CERTAIN CoNSEQUENCES 


There are still certain problems, which, taken as consequences of 
this truth assumed as proven, are not without their use in exciting 
belief, as it were, a postertore; and which, although they may seem 
to be involved in much doubt and obscurity, nevertheless readily 
admit of having reasons and causes assigned for them. Of such 
a nature are those that present themselves in connexion with con- 
tagions, poisoned wounds, the bites of serpents and rabid animals, 
lues venerea and the like. We sometimes see the whole system con- 
taminated, though the part first infected remains sound; the lues 
venerea has occasionally made its attack with pains in the shoulders 
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and head, and other symptoms, the genital organs being all the 
while unaffected; and then we know that the wound made by a 
rabid dog having healed, fever and a train of disastrous symptoms 
may nevertheless supervene. Whence it appears that the contagion 
impressed upon or deposited in a particular part, is by-and-by 
carried by the returning current of blood to the heart, and by that 
organ is sent to contaminate the whole body. 

In tertian fever, the morbific cause seeking the heart in the first 
instance, and hanging about the heart and lungs, renders the 
patient short-winded, disposed to sighing, and indisposed to exertion, 
because the vital principle is oppressed and the blood forced into 
the lungs and rendered thick. It does not pass through them, 
(as I have myself seen in opening the bodies of those who had died 
in the beginning of the attack,) when ihe pulse is always frequent, 
small, and occasionally irregular; but the heat increasing, the 
matter becoming attenuated, the passages forced, and the transit 
made, the whole body begins to rise in temperature, and the pulse 
becomes fuller and stronger. The febrile paroxysm is fully formed, 
whilst the preternatural heat kindled in the heart is thence diffused 
by the arteries through the whole body along with the morbific 
matter, which is in this way overcome and dissolved by nature. 

When we perceive, further, that medicines applied externally 
exert their influence on the body just as if they had been taken in- 
ternally, the truth we are contending for is confirmed. Colocynth 
and aloes in this way move the belly, cantharides excites the urine, 
garlic applied to the soles of the feet assists expectoration, cordials 
strengthen, and an infinite number of examples of the same kind 
might be cited. Perhaps it will not, therefore, be found unreason- 
able, if we say that the veins, by means of their orifices, absorb some 
of the things that are applied externally and carry this inwards with 
the blood, not otherwise, it may be, than those of the mesentery 
imbibe the chyle from the intestines and carry it mixed with the blood 
to the liver. For the blood entering the mesentery by the cceliac 
artery, and the superior and inferior mesenterics, proceeds to the 
intestines, from which, along with the chyle that has been attracted 
into the veins, it returns by their numerous ramifications into the 
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vena porte of the liver, and from this into the vena cava, and this in 
such wise that the blood in these veins has the same colour and con- 
sistency as in other veins, in opposition to what many believe to be 
the fact. Nor indeed can we imagine two contrary motions in any 
capillary system—the chyle upwards, the blood downwards. ‘This 
could scarcely take place, and must be held as altogether im- 
probable. But is not the thing rather arranged as it is by the con- 
summate providence of nature? For were the chyle mingled with 
the blood, the crude with the digested, in equal proportions, the 
result would not be concoction, transmutation, and sanguification, 
but rather, and because they are severally active and passive, a 
mixture or combination, or medium compound of the two, precisely 
as happens when wine is mixed with water and syrup. But when 
a very minute quantity of chyle is mingled with a very large quantity 
of circulating blood, a quantity of chyle that bears no kind of pro- 
portion to the mass of blood, the effect is the same, as Aristotle says, 
as when a drop of water is added to a cask of wine, or the contrary ; 
the mass does not then present itself as a mixture, but is still sen- 
sibly either wine or water. 

So in the mesenteric veins of an animal we do not find either chyme 
or chyle and blood, blended together or distinct, but only blood, the 
same in colour, consistency, and other sensible properties, as it ap- 
pears in the veins generally. Still as there is a certain though small 
and inappreciable portion of chyle or incompletely digested matter 
mingled with the blood, nature has interposed the liver, in whose 
meandering channels it suffers delay and undergoes additional 
change, lest arriving prematurely and crude at the heart, it should 
oppress the vital principle. Hence in the embryo, there is almost 
no use for the liver, but the umbilical vein passes directly through, a 
foramen or an anastomosis existing from the vena porte. The 
blood returns from the intestines of the foetus, not through the liver, 
but into the umbilical vein mentioned, and flows at once into 
the heart, mingled with the natural blood which is returning from 
the placenta; whence also it is that in the development of the foetus 
the liver is one of the organs that is last formed. I have observed 
all the members perfectly marked out in the human feetus, even the 
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genital organs, whilst there was yet scarcely any trace of the liver. 
And indeed at the period when all the parts, like the heart itself 
in the beginning, are still white, and except in the veins there is no 
appearance of redness, you shall see nothing in the seat of the liver 
but a shapeless collection, as it were, of extravasated blood, which 
you might take for the effects of a contusion or ruptured vein. 

* But in the incubated egg there are, as it were, two umbilical ves- 
sels, one from the albumen passing entire through the liver, and 
going straight to the heart; another from the yelk, ending in the 
vena porte; for it appears that the chick, in the first instance, is 
entirely formed and nourished by the white; but by the yelk after it 
has come to perfection and is excluded from the shell; for this part 
may still be found in the abdomen of the chick many days after its 
exclusion, and is a substitute for the milk to other animals. 

But these matters will be better spoken of in my observations on 
the formation of the foetus, where many propositions, the following 
among the number, will be discussed; Wherefore is this part formed 
or perfected first, that last, and of the several members, what part is 
the cause of another? And there are many points having special 
reference to the heart, such as wherefore does it first acquire con- 
sistency, and appear to possess life, motion, sense, before any other 
part of the body is perfected, as Aristotle says in his third book, 
“De partibus Animalium”’? And so also of the blood, wherefore 
does it precede all the rest? And in what way does it possess the 
vital and animal principle, and show a tendency to motion, and to 
be impelled hither and thither, the end for which the heart appears 
to be made? In the same way, in considering the pulse, why should 
one kind of pulse indicate death, another recovery? And so of all 
the other kinds of pulse, what may be the cause and indication of 
each? Likewise we must consider the reason of crises and natural 
critical discharges; of nutrition, and especially the distribution of 
the nutriment; and of defluxions of every description. Finally, re- 
flecting on every part of medicine, physiology, pathology, semeiotics 
and therapeutics, when I see how many questions can be answered, 
how many doubts resolved, how much obscurity illustrated by the 
truth we have declared, the light we have made to shine, I see a 
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field of such vast extent in which I might proceed so far, and ex- 
patiate so widely, that this my tractate would not only swell out into 
a volume, which was beyond my purpose, but my whole life, per- 
chance, would not suffice for its completion. 

In this place, therefore, and that indeed in a single chapter, I 
shall only endeavour to refer the various particulars that present 
themselves in the dissection of the heart and arteries to their several 
uses and causes; for so I shall meet with many things which receive 
light from the truth I have been contending for, and which, in their 
turn, render it more obvious. And indeed I would have it con- 
firmed and illustrated by anatomical arguments above all others. 

There is but a single point which indeed would be more correctly 
placed among our observations on the use of the spleen, but which 
it will not be altogether impertinent to notice in this place incident- 
ally. From the splenic branch which passes into the pancreas, 
and from the upper part, arise the posterior coronary, gastric, and 
gastroepiploic veins, all of which are distributed upon the stomach 
in numerous branches and twigs, just as the mesenteric vessels are 
upon the intestines. In a similar way, from the inferior part of the 
same splenic branch, and along the back of the colon and rectum 
proceed the hemorrhoidal veins. The blood returning by these 
veins, and bringing the cruder juices along with it, on the one hand 
from the stomach, where they are thin, watery, and not yet per- 
fectly chylified; on the other thick and more earthy, as derived from 
the feeces, but all poured into this splenic branch, are duly tempered 
by the admixture of contraries; and nature mingling together these 
two kinds of juices, difficult of coction by reason of most opposite 
defects, and then diluting them with a large quantity of warm blood, 
(for we see that the quantity returned from the spleen must be very 
large when we contemplate the size of its arteries,) they are brought 
to the porta of the liver in a state of higher preparation. The 
defects of either extreme are supplied and compensated by this 
arrangement of the veins. 
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CHAPTER XVII 


Tue Motion AND CIRCULATION OF THE BLOOD ARE CONFIRMED 
FROM THE PARTICULARS APPARENT IN THE STRUCTURE OF 
THE Heart, AND FROM THOSE THINGS wuHIcH DISSECTION 
UNFOLDS 


I do not find the heart as a distinct and separate part in all 
animals; some, indeed, such as the zodphytes, have no heart; 
this is because these animals are coldest, of no great bulk, of soft 
texture, or of a certain uniform sameness or simplicity of structure; 
among the number I may instance grubs and earth-worms, and 
those that are engendered of putrefaction and do not preserve their 
species. ‘These have no heart, as not requiring any impeller of 
nourishment into the extreme parts; for they have bodies which are 
connate and homogeneous and without limbs; so that by the con- 
traction and relaxation of the whole body they assume and expel, 
move and remove, the aliment. Oysters, mussels, sponges, and the 
whole genus of zodphytes or plant-animals have no heart, for the 
whole body is used as a heart, or the whole animal is a heart. Ina 
great number of animals,—almost the whole tribe of insects—we 
cannot see distinctly by reason of the smallness of the body; still in 
bees, flies, hornets, and the like we can perceive something pulsating 
with the help of a magnifying-glass; in pediculi, also, the same 
thing may be seen, and as the body is transparent, the passage of the 
food through the intestines, like a black spot or stain, may be per- 
ceived by the aid of the same magnifying-glass. 

But in some of the pale-blooded and colder animals, as in snails, 
whelks, shrimps, and shell-fish, there is a part which pulsates,— 
a kind of vesicle or auricle without a heart,—slowly, indeed, and 
not to be perceived except in the warmer season of the year. In 
these creatures this part is so contrived that it shall pulsate, as there 
is here a necessity for some impulse to distribute the nutritive fluid, 
by reason of the variety of organic parts, or of the density of the 
substance; but the pulsations occur unfrequently, and sometimes 
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in consequence of the cold not at all, an arrangement the best 
adapted to them as being of a doubtful nature, so that sometimes 
they appear to live, sometimes to die; sometimes they show the vi- 
tality of an animal, sometimes of a vegetable. ‘This seems also to be 
the case with the insects which conceal themselves in winter, and 
lie, as it were, defunct, or merely manifesting a kind of vegetative 
existence. But whether the same thing happens in the case of 
certain animals that have red blood, such as frogs, tortoises, serpents, 
swallows, may be very properly doubted. 

In all the larger and warmer animals which have red blood, there 
was need of an impeller of the nutritive fluid, and that, perchance, 
possessing a considerable amount of power. In fishes, serpents, 
lizards, tortoises, frogs, and others of the same kind there is a heart 
present, furnished with both an auricle and a ventricle, whence it is 
perfectly true, as Aristotle has observed,* that no sanguineous ani- 
mal is without a heart, by the impelling power of which the nu- 
tritive fluid is forced, both with greater vigour and rapidity, to a 
greater distance; and not merely agitated by an auricle, as it is in 
lower forms. And then in regard to animals that are yet larger, 
warmer, and more perfect, as they abound in blood, which is al- 
ways hotter and more spirituous, and which possess bodies of 
greater size and consistency, these require a larger, stronger, and 
more fleshy heart, in order that the nutritive fluid may be pro- 
pelled with yet greater force and celerity. And further, inasmuch 
as the more perfect animals require a still more perfect nutrition, 
and a larger supply of native heat, in order that the aliment may be 
thoroughly concocted and acquire the last degree of perfection, 
they required both lungs and a second ventricle, which should force 
the nutritive fluid through them. 

Every animal that has lungs has, therefore, two ventricles to its 
heart—one right, the other left; and wherever there is a right, there 
also is there a left ventricle; but the contrary of this does not hold 
good: where there is a left there is not always a right ventricle. 
The left ventricle I call that which is distinct in office, not in place 
from the other, that one, namely, which distributes the blood to the 


* De Part. Animal., lib. iii. 
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body at large, not to the lungs only. Hence the left ventricle seems 
to form the principal part of the heart; situated in the middle, more 
strongly marked, and constructed with greater care, the heart seems 
formed for the sake of the left ventricle, and the right but to 
minister toit. The right neither reaches to the apex of the heart nor 
is it nearly of such strength, being three times thinner in its walls, 
and in some sort jointed on to the left (as Aristotle says), though, in- 
deed, it is of greater capacity, inasmuch as it has not only to supply 
material to the left ventricle, but likewise to furnish aliment to the 
lungs. 

It is to be observed, however, that all this is otherwise in the em- 
bryo, where there is not such a difference between the two ven- 
tricles. There, as in a double nut, they are nearly equal in all 
respects, the apex of the right reaching to the apex of the left, 
so that the heart presents itself as a sort of double-pointed cone. 
And this is so, because in the foetus, as already said, whilst the 
blood is not passing through the lungs from the right to the left 
cavities of the heart, it flows by the foramen ovale and ductus 
arteriosus directly from the vena cava into the aorta, whence it is 
distributed to the whole body. Both ventricles have, therefore, the 
same office to perform, whence their equality of constitution. It is 
only when the lungs come to be used and it is requisite that the 
passages indicated should be blocked up that the difference in 
point of strength and other things between the two ventricles begins 
to be apparent. In the altered circumstances the right has only to 
drive the blood through the lungs, whilst the left has to propel it 
through the whole body. 

There are, moreover, within the heart numerous braces, in the 
form of fleshy columns and fibrous bands, which Aristotle, in his 
third book on “Respiration,” and the “‘Parts of Animals,” entitles 
nerves. These are variously extended, and are either distinct or 
contained in grooves in the walls and partition, where they occasion 
numerous pits or depressions. They constitute a kind of small 
muscles, which are superadded and supplementary to the heart, 
assisting it to execute a more powerful and perfect contraction, and 
so proving subservient to the complete expulsion of the blood. 
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They are, in some sort, like the elaborate and artful arrangement of 
ropes in a ship, bracing the heart on every side as it contracts, and 
so enabling it more effectually and forcibly to expel the charge of 
blood from its ventricles. This much is plain, at all events, that 
in some animals they are less strongly marked than in others; and, 
in all that have them, they are more numerous and stronger in the 
left than in the right ventricle; and while some have them present in 
the left, yet they are absent in the right ventricle. In man they are 
more numerous in the left than in the right ventricle, more abundant 
in the ventricles than in the auricles; and occasionally there appear 
to be none present in the auricles. ‘They are numerous in the large, 
more muscular and hardier bodies of countrymen, but fewer in 
more slender frames and in females. 

In those animals in which the ventricles of the heart are smooth 
within and entirely without fibres of muscular bands, or anything like 
hollow pits, as in almost all the smaller birds, the partridge and the 
common fowl, serpents, frogs, tortoises, and most fishes, there are no 
chord tendinez, nor bundles of fibres, neither are there any tricus- 
pid valves in the ventricles. 

Some animals have the right ventricle smooth internally, but 
the left provided with fibrous bands, such as the goose, swan, and 
larger birds; and the reason is the same here as elsewhere. As 
the lungs are spongy and loose and soft, no great amount of force 
is required to force the blood through them; therefore the right 
ventricle is either without the bundles in question, or they are 
fewer and weaker, and not so fleshy or like muscles. Those of the 
left ventricle, however, are both stronger and more numerous, more 
fleshy and muscular, because the left ventricle requires to be stronger, 
inasmuch as the blood which it propels has to be driven through the 
whole body. And this, too, is the reason why the left ventricle oc- 
cupies the middle of the heart, and has parietes three times thicker 
and stronger than those of the right. Hence all animals—and 
among men it is similar—that are endowed with particularly strong 
frames, and with large and fleshy limbs at a great distance from the 
heart, have this central organ of greater thickness, strength, and 
muscularity. This is manifest and necessary. Those, on the con- 
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trary, that are of softer and more slender make have the heart more 
flaccid, softer, and internally either less or not at all fibrous. 
Consider, farther, the use of the several valves, which are all so 
arranged that the blood, once received into the ventricles of the 
heart, shall never regurgitate; once forced into the pulmonary 
artery and aorta, shall not flow back upon the ventricles. When 
the valves are raised and brought together, they form a three-cornered 
line, such as is left by the bite of a leech; and the more they are 
forced, the more firmly do they oppose the passage of the blood. 
The tricuspid valves are placed, like gate-keepers, at the entrance 
into the ventricles from the ven cavee and pulmonary veins, lest 
the blood when most forcibly impelled should flow back. It is for 
this reason that they are not found in all animals, nor do they appear 
to have been constructed with equal care in all animals in which 
they are found. In some they are more accurately fitted, in others 
more remissly or carelessly contrived, and always with a view to their 
being closed under a greater or a slighter force of the ventricle. 
In the left ventricle, therefore, in order that the occlusion may be 
the more perfect against the greater impulse, there are only two 
valves, like a mitre, and produced into an elongated cone, so that 
they come together and touch to their middle; a circumstance which 
perhaps led Aristotle into the error of supposing this ventricle to 
be double, the division taking place transversely. For the same 
reason, and that the blood may not regurgitate upon the pulmonary 
veins, and thus the force of the ventricle in propelling the blood 
through the system at large come to be neutralized, it is that these 
mitral valves excel those of the right ventricle in size and strength 
and exactness of closing. Hence it is essential that there can be 
no heart without a ventricle, since this must be the source and store- 
house of the blood. The same law does not hold good in reference 
to the brain. For almost no genus of birds has a ventricle in the 
brain, as is obvious in the goose and swan, the brains of which 
nearly equal that of a rabbit in size; now rabbits have ventricles in 
thebrain, whilst the goose hasnone. In like manner, wherever the 
heart has a single ventricle, there is an auricle appended, flaccid, 
membranous, hollow, filled with blood; and where there are two 
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ventricles, there are likewise two auricles. On the other hand,some 
animals have an auricle without any ventricle; or, at all events, they 
have a sac analogous to an auricle; or the vein itself, dilated at a 
particular part, performs pulsations, as is seen in hornets, bees, 
and other insects, which certain experiments of my own enable me 
to demonstrate, have not only a pulse, but a respiration in that part 
which is called the tail, whence it is that this part is elongated and 
contracted now more rarely, now more frequently, as the creature 
appears to be blown and to require a large quantity of air. But 
of these things, more in our “Treatise on Respiration.” 

It is in like manner evident that the auricles pulsate, contract, 
as I have said before, and throw the blood into the ventricles; 
so that wherever there is a ventricle, an auricle is necessary, not 
merely that it may serve, according to the general belief, as a source 
and magazine for the blood: for what were the use of its pulsations 
had it only to contain ? 

The auricles are prime movers of the blood, especially the right 
auricle, which, as already said, is “the first to live, the last to die’; 
whence they are subservient to sending the blood into the ventricles, 
which, contracting continuously, more readily and forcibly expel 
the blood already in motion; just as the ball-player can strike the 
ball more forcibly and further if he takes it on the rebound than 
if he simply threw it. Moreover, and contrary to the general opin- 
ion, neither the heart nor anything else can dilate or distend itself 
so as to draw anything into its cavity during the diastole, unless, 
like a sponge, it has been first compressed and is returning to its 
primary condition. But in animals all local motion proceeds from, 
and has its origin in, the contraction of some part; consequently it 
is by the contraction of the auricles that the blood is thrown into 
the ventricles, as I have already shown, and from there, by the con- 
traction of the ventricles, it is propelled and distributed. Con- 
cerning local motions, it is true that the immediate moving organ in 
every motion of an animal primarily endowed with a motive spirit 
(as Aristotle has it*) is contractile; in which way the word vedpov 
is derived from veiw, nuto, contraho; and if I am permitted to 


* In the book de Spiritu, and elsewhere. 
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proceed in my purpose of making a particular demonstration of the 
organs of motion in animals from observations in my possession, I 
trust I shall be able to make sufficiently plain how Aristotle was 
acquainted with the muscles, and advisedly referred all motion in 
animals to the nerves, or to the contractile element, and, therefore, 
called those little bands in the heart nerves. 

But that we may proceed with the subject which we have in hand, 
viz., the use of the auricles in filling the ventricles, we should ex- 
pect that the more dense and compact the heart, the thicker its 
parietes, the stronger and more muscular must be the auricle to 
force and fill it, and vice versd. Now this is actually so: in some 
the auricle presents itself as a sanguinolent vesicle, as a thin mem- 
brane containing blood, as in fishes, in which the sac that stands in 
lieu of the auricles is of such delicacy and ample capacity that it 
seems to be suspended or to float above the heart. In those fishes 
in which the sac is somewhat more fleshy, as in the carp, barbel, 
tench, and others, it bears a wonderful and strong resemblance to the 
lungs. 

In some men of sturdier frame and stouter make the right 
auricle is so strong, and so curiously constructed on its inner surface 
of bands and variously interlacing fibres, that it seems to equal in 
strength the ventricle of the heart in other subjects; and I must say 
that I am astonished to find such diversity in this particular in 
different individuals. It is to be observed, however, that in the 
foetus the auricles are out of all proportion large, which is because 
they are present before the heart makes its appearance or suffices 
for its office even when it has appeared, and they, therefore, have, 
as it were, the duty of the whole heart committed to them, as has 
already been demonstrated. But what I have observed in the 
formation of the foetus, as before remarked (and Aristotle had 
already confirmed all in studying the incubated egg), throws the 
greatest light and likelihood upon the point. Whilst the foetus is 
yet in the form of a soft worm, or, as is commonly said, in the milk, 
there is a mere bloody point or pulsating vesicle, a portion appar- 
ently of the umbilical vein, dilated at its commencement or base. 
Afterwards, when the outline of the foetus is distinctly indicated 
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and it begins to have greater bodily consistence, the vesicle in 
question becomes more fleshy and stronger, changes its position, 
and passes into the auricles, above which the body of the heart 
begins to sprout, though as yet it apparently performs no office. 
When the fcetus is farther advanced, when the bones can be distin- 
guished from the fleshy parts and movements take place, then it 
also has a heart which pulsates, and, as I have said, throws blood 
by either ventricle from the vena cava into the arteries. 

Thus nature, ever perfect and divine, doing nothing in vain, has 
neither given a heart where it was not required, nor produced it 
before its office had become necessary; but by the same stages in 
the development of every animal, passing through the forms of all, 
as I may say (ovum, worm, feetus), it acquires perfection in each. 
These points will be found elsewhere confirmed by numerous 
observations on the formation of the foetus. 

Finally, it is not without good grounds that Hippocrates, in his 
book, “‘De Corde,” entitles it a muscle; its action is the same; 
so is its function, viz., to contract and move something else—in 
this case, the charge of the blood. 

Farther, we can infer the action and use of the heart from 
the arrangement of its fibres and its general structures, as in muscles 
generally. All anatomists admit with Galen that the body of the 
heart is made up of various courses of fibres running straight, 
obliquely, and transversely, with reference to one another; but in a 
heart which has been boiled, the arrangement of the fibres is seen to 
be different. All the fibres in the parietes and septum are circular, 
as in the sphincters; those, again, which are in the columns ex- 
tend lengthwise, and are oblique longitudinally; and so it comes to 
pass that when all the fibres contract simultaneously, the apex of 
the cone is pulled towards its base by the columns, the walls are 
drawn circularly together into a globe—the whole heart, in short, is 
contracted and the ventricles narrowed. It is, therefore, impossible 
not to perceive that, as the action of the organ is so plainly contrac- 
tion, its function is to propel the blood into the arteries. 

Nor are we the less to agree with Aristotle in regard to the im- 
portance of the heart, or to question if it receives sense and motion 
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from the brain, blood from the liver, or whether it be the origin of 
the veins and of the blood, and such like. They who affirm these 
propositions overlook, or do not rightly understand, the principal 
argument, to the effect that the heart is the first part which exists, 
and that it contains within itself blood, life, sensation, and motion, 
before either the brain or the liver were created or had appeared 
distinctly, or, at all events, before they could perform any function. 
The heart, ready furnished with its proper organs of motion, like a 
kind of internal creature, existed before the body. The first to be 
formed, nature willed that it should afterwards fashion, nourish, 
preserve, complete the entire animal, as its work and dwelling-place: 
and as the prince in a kingdom, in whose hands lie the chief and 
highest authority, rules over all, the heart is the source and founda- 
tion from which all power is derived, on which all power depends in 
the animal body. 

Many things having reference to the arteries farther illustrate and 
confirm this truth. Why does not the pulmonary vein pulsate, see- 
ing that it is numbered among the arteries? Or wherefore is there 
a pulse in the pulmonary artery? Because the pulse of the arteries 
is derived from the impulse of the blood. Why does an artery 
differ so much from a vein in the thickness and strength of its coats ? 
Because it sustains the shock of the impelling heart and streaming 
blood. Hence, as perfect nature does nothing in vain, and suf- 
fices under all circumstances, we find that the nearer the arteries are 
to the heart, the more do they differ from the veins in structure; 
here they are both stronger and more ligamentous, whilst in extreme 
parts of the body, such as the feet and hands, the brain, the mesen- 
tery, and the testicles, the two orders of vessels are so rmouch alike 
that it is impossible to distinguish between them with the eye. 
Now this is for the following very sufficient reasons: the more remote 
the vessels are from the heart, with so much the less force are they 
distended by the stroke of the heart, which is broken by the great 
distance at which it is given. Add to this that the impulse of the 
heart exerted upon the mass of blood, which must needs fill the 
trunks and branches of the arteries, is diverted, divided, as it were, 
and diminished at every subdivision, so that the ultimate capillary 
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divisions of the arteries look like veins, and this not merely in con- 
stitution, but in function. They have either no perceptible pulse, 
or they rarely exhibit one, and never except where the heart beats 
more violently than usual, or at a part where the minute vessel is 
more dilated or open then elsewhere. It, therefore, happens that at 
times we are aware of a pulse in the teeth, in inflammatory tumours, 
and in the fingers; at another time we feel nothing of the sort. By 
this single symptom I have ascertained for certain that young per- 
sons whose pulses are naturally rapid were labouring under fever; 
and in like manner, on compressing the fingers in youthful and 
delicate subjects during a febrile paroxysm, I have readily perceived 
the pulse there. On the other hand, when the heart pulsates more 
languidly, it is often impossible to feel the pulse not merely in the 
fingers, but the wrist, and even at the temple, as in persons afflicted 
with lipothymiz asphyxia, or hysterical symptoms, and in the de- 
bilitated and moribund. 

Here surgeons are to be advised that, when the blood escapes 
with force in the amputation of limbs, in the removal of tumours, and 
in wounds, it constantly comes from an artery; not always indeed 
per saltum, because the smaller arteries do not pulsate, especially 
if a tourniquet has been applied. 

For the same reason the pulmonary artery not only has the struc- 
ture of an artery, but it does not differ so widely from the veins in 
the thickness of its walls as does the aorta. The aorta sustains a 
more powerful shock from the left than the pulmonary artery 
does from the right ventricle, and the walls of this last vessel are 
thinner and softer than those of the aorta in the same proportion as 
the walls of the right ventricle of the heart are weaker and thinner 
than those of the left ventricle. In like manner the lungs are 
softer and laxer in structure than the flesh and other constituents 
of the body, and in a similar way the walls of the branches of the 
pulmonary artery differ from those of the vessels derived from the 
aorta. And the same proportion in these particulars is universally 
preserved. ‘The more muscular and powerful men are, the firmer 
their flesh; the stronger, thicker, denser, and more fibrous their 
hearts, the thicker, closer, and stronger are the auricles and arteries. 
Again, in those animals the ventricles of whose hearts are smooth on 
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their inner surface, without villi or valves, and the walls of which 
are thin, as in fishes, serpents, birds, and very many genera of 
animals, the arteries differ little or nothing in the thickness of 
their coats from the veins. 

Moreover, the reason why the lungs have such ample vessels, 
both arteries and veins (for the capacity of the pulmonary veins 
exceeds that of both the crural and jugular vessels), and why they 
contain so large a quantity of blood, as by experience and ocular 
inspection we know they do, admonished of the fact indeed by 
Aristotle, and not led into error by the appearances found in animals 
which have been bled to death, is, because the blood has its fountain, 
and storehouse, and the workshop of its last perfection, in the heart 
and lungs. Why, in the same way, we find in the course of our 
anatomical dissections the pulmonary vein and left ventricle so 
full of blood, of the same black colour and clotted character as 
that with which the right ventricle and pulmonary artery are filled, 
is because the blood is incessantly passing from one side of the heart 
to the other through the lungs. Wherefore, in fine, the pulmonary 
artery has the structure of an artery, and the pulmonary veins have 
the structure of veins. In function and constitution and every- 
thing else the first is an artery, the others are veins, contrary to what 
is commonly believed; and the reason why the pulmonary artery 
has so large an orifice is because it transports much more blood than 
is requisite for the nutrition of the lungs. 

All these appearances, and many others, to be noted in the course 
of dissection, if rightly weighed, seem clearly to illustrate and fully 
to confirm the truth contended for throughout these pages, and at 
the same time to oppose the vulgar opinion; for it would be very 
difficult to explain in any other way to what purpose all is con- 
structed and arranged as we have seen it to be. 
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LEOPOLD AUENBRUGGER 
1722-1809 


Auenbrugger was born at Gratz, in Styria, Lower Austria, 
November 19, 1722. His father was an innkeeper of Gratz, but he 
provided a university education for his son in Vienna, the centre 
at that time of German literature and culture. At Vienna also 
his medical education was obtained, under a great authority at 
that time, Baron Van Swieten. 

Van Swieten had been the pupil of Boerhaave at Leyden, and 
was called from Holland to the Austrian capital by the Empress 
Maria Theresa. He was the court physician, and by this support 
was enabled to found the great medical school of Vienna. 

The efforts to educate Auenbrugger were not thrown away, for he 
was soon accepted among the literary and cultured society of 
Vienna. His first opportunity for medical observation was in 
the appointment as physician to the Spanish Military Hospital, 
the largest and finest in the Austrian capital at that time. This 
was 1751; Auenbrugger was twenty-nine years old. Ten years later 
he published in Latin ina small volume his epochal contribution on 
“Percussion of the Chest.”’ He was led to publish this, he says, 
not on account of a “pruritus scribendi”’ nor of armchair theorizing, 
but as a result of seven years’ observation and testing of the value 
of the method. The modesty of the observer may be gathered 
by reading the preface. Besides this epochal contribution, Auen- 
brugger wrote little, as the list of his writings shows. His opera, 
“The Chimney Sweep,” is, of course, not upon this list. The 
cultivation of music was at that time one of the requirements of 
German culture, and living in the heart of this, itis not surprising 
that he should have ventured to contribute. He was well accepted 
at the Vienna Court, being an intimate friend of the Empress 


Maria Theresa, and was ennobled by Emperor Joseph II. This 
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title, which corresponds to English knighthood, was selected by 
him in preference to a pension,as the former descended to his 
children, while the latter ceased with his death. 

This title, “Edler Von Auenbrug,” was conferred because of his 
popularity at court,and not on account of his discovery of per- 
cussion, as the new method was practically unrecognized by the 
clinicians of his time. His teacher, Van Swieten, ignoredit. De 
Haen, like Van Swieten a disciple of Boerhaave at Leyden, and 
who succeeded Van Swieten as head of the medical teaching in 
Vienna, also ignores Auenbrugger’s discovery. Van Swieten 
published his clinical observations in 16 volumes of the Aphorisms 
of his teacher, Boerhaave. De Haen published his “Ratio Me- 
dendi,”’ 1757-1779, in 18 volumes. ‘These writings are merely 
of historical interest to-day, while Auenbrugger’s volume, consisting 
of not more than 1200 words in one volume of 95 pages, is a classic. 
What can be the explanation for the omission of so great a dis- 
covery from even a passing notice by these great arbiters of medical 
thought in Germany? Stoll succeeded De Haen at Vienna, and 
he appreciated the discovery. He speaks in his work of the great 
value of the method in detecting pleurisy, and especially in detect- 
ing empyzema, that operation may be performed. Eyerell, a 
pupil of Stoll, emphasizes the importance of the method. Stoll, 
however, on account of private difficulties never attained a 
position of authority equal to that of Van Swieten or De Haen. 

From contemporary writings outside of Vienna there seems to 
have been an indifference or ignorance of the method. Hippo- 
cratic succussion was confused with percussion or the work was 
not mentioned. Dock* cites in support of this observation the 
following three references: Gottingen Gelehrten Auzeigen, the 
leading journal of the times, and R. A. Vogel’s Fene Med. Biblio- 
thek Gott., 1766, Bd. 6. In France Roziere (according to the 
same authority), of the medical faculty of Montpellier, translated 
the ““Inventum Novum” and published it with a work of his own. 

The “Inventum Novum” went through two editions. In 1775 


*“ Leopold Auenbrugger and the History of Percussion.” Address by George 
Dock, M.D., Sept. 27, 1898. 
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the work again appeared, together with other medical writings. 
The discovery was, however, unappreciated until Corvisart, 
physician to Napoleon I, and leader of medical thought in France, 
the then center of scientific development, translated the “‘Inventum 
Novum” and yielded unstinted praise to its discoverer. Corvi- 
sart’s translation together with observations of his own appeared 
in 1808. Itisa volume of 440 pages. This was forty-seven years 
after Auenbrugger’s unpretentious little volume of 95 pages appeared 
in Germany. From this time the pendulum swung the other way, 
and we have extravagant claims for percussion as set forth in the 
writings of Piorry, who, however, introduced mediate percussion 
and the pleximeter. Auenbrugger made all his observations by 
direct or immediate percussion. 

The subject received scientific consideration by such authorities 
as Skoda, Flint and others,and percussion became an established 
method in accurate diagnosis. 

Auenbrugger lived just long enough to see the beginning of a 
proper recognition of his discovery. He died on May 17, 1809, 
one year after Corvisart’s translation was published. 
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THE AUTHOR’S PREFACE 


I here present the reader with a new sign which I have discovered 
for detecting diseases of the chest. This consists in the percussion 
of the human thorax, whereby, according to the character of the 
particular sounds thence elicited, an opinion is formed of the in- 
ternal state of that cavity. In making public my discoveries 
respecting this matter I have been actuated neither by an itch for 
writing, nor a fondness for speculation, but by the desire of submit- 
ting to my brethren the fruits of seven years’ observation and re- 
flexion. In doing so, I have not been unconscious of the dangers I 
must encounter; since it has always been the fate of those who have 
illustrated or improved the arts and sciences by their discoveries 
to be beset by envy, malice, hatred, detraction, and calumny. 
This, the common lot, I have chosen to undergo; but with the de- 
termination of refusing to every one who is actuated by such 
motives as these all explanation of my doctrines. What I have writ- 
ten I have proved again and again, by the testimony of my own 
senses, and amid laborious and tedious exertions; still guarding, 
on all occasions, against the seductive influence of self-love. 

And here, lest any one should imagine that this new sign has been 
thoroughly investigated, even as far as regards the diseases noticed 
in my Treatise, I think it necessary candidly to confess that there 
still remain many defects to be remedied—and which I expect will 
be remedied—by careful observation and experience. Perhaps, 
also, the same observation and experience may lead to the discovery 
of other truths, in these or other diseases, of like value in the 
diagnosis, prognosis, and cure of thoracic affections. Owing 
to this acknowledged imperfection it will be seen that, in my 
difficulties, I have had recourse to the Commentaries of the most 


illustrious Baron Van Swieten, as containing everything which can 
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be desired by the faithful observer of nature; by which means I have 
not only avoided the vice of tedious and prolix writing, but have, 
at the same time, possessed myself of the firmest basis whereon to 
raise, most securely and creditably, the rudiments of my discovery. 
In submitting this to the public I doubt not that I shall be consid- 
ered, by all those who can justly appreciate medical science, as 
having thereby rendered a grateful service to our art, inasmuch as 
it must be allowed to throw no small degree of light upon the 
obscurer diseases of the chest, of which a more perfect knowledge 
has hitherto been much wanted. 

In drawing up my little work I have omitted many things that 
were doubtful and not sufficiently digested; to the due perfection of 
which it will be my endeavour henceforth to apply myself. To con- 
clude, I have not been ambitious of ornament in my mode or style of 
writing, being contented if I shall be understood. 


December 31, 1760. 


ON PERCUSSION OF THE CHEST 


FIRST OBSERVATION 


OF THE NaturAL SOUND OF THE CHEST, AND ITs CHARACTER IN 
DirFERENT Parts 


I. The thorax of a healthy person sounds, when struck. I deem it 
unnecessary to give in this place any description of the thorax. 
I think it sufficient to say that, by this term, I mean that cavity 
bounded above by the neck and clavicles, and below by the dia- 
phragm: in the sound state, the viscera it contains are fitted for their 
respective uses. 

II. The sound thus elicited (1) from the healthy chest resembles 
the stifled sound of a drum covered with a thick woollen cloth or 
other envelope. 

III. This sound is perceptible on different parts of the chest in 
the following manner: 

1. On the right side anteriorly it is observed from the clavicle to 
the sixth true rib; laterally, from the axilla to the seventh rib; 
and posteriorly, from the scapula to the second and third false 
ribs. 

2. The left side yields this sound from the clavicle to the fourth 
true rib anteriorly; and on the back and laterally, in the same 
extent as the other side; over the space occupied by the heart 
the sound loses part of its usual clearness and becomes dull. 

3. The whole sternum yields as distinct a sound as the sides of the 
chest, except in the cardiac region, where it is somewhat duller. 

4. The same sound is perceptible over that part of the spinal 
column which contributes to form the chest. 

The sound is more distinct in the lean, and proportionably 


duller in the robust; in very fat persons it is almost lost. The most 
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sonorous region is from the clavicle to the fourth rib anteriorly; 
lower down, the mamme and pectoral muscles deaden the sound. 
Sometimes, owing to the presence of muscle, the sound is dull 
beneath the axilla. In the scapular regions on the back, owing to 
the obstacle afforded by the bones and thick muscles there, it is 
also less distinct. Sometimes, but rarely, it exists over the third 
false rib—owing, I conceive, to a very unwonted length of the 
thoracic cavity. 


SECOND OBSERVATION 
Or tHE MeruHop or PERCUSSION 


IV. The thorax ought to be struck, slowly and gently, with the 
points of the fingers, brought close together and at the same time 
extended. 

Robust and fat subjects require a stronger percussion; such, in- 
deed, as to elicit a degree of sound equal to that produced by a 
slight percussion in a lean subject. 

V. During percussion the shirt is to be drawn tight over the chest, 
or the hand of the operator is covered with a glove made of un- 
polished leather. 

If the naked chest is struck by the naked hand, the contact of the 
polished surfaces produces a kind of noise which alters or obscures 
the natural character of the sound. 

VI. During the application of percussion the patient is first to 
go on breathing in the natural manner, and then is to hold his 
breath after a full inspiration. The difference of sound during 
inspiration, expiration, and the retention of the breath is impor- 
tant in fixing our diagnosis. 

VII. While undergoing percussion on the fore parts of the chest 
the patient is to hold his head erect, and the shoulders are to be 
thrown back, in order that the chest may protrude, and the skin 
and muscles be drawn tight over it; a clear sound is thus obtained. 

VIII. While we are striking the lateral parts of the chest, the 
patient is to hold his arms across his head; as, thereby, the thoracic 
parietes are made more tense and a clearer sound obtained. 
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IX. When operating on the back you are to cause the patient to 
bend forwards, and draw his shoulders towards the anterior 
parts of the chest, so as to render the dorsal region rounded; and 
for the same reasons, as stated in VIII. 

Any healthy person may make experience of percussion in his own 
person or that of other sound subjects; and will thus be convinced, 
from the variety of the sounds obtained, that this sign is not to be 
despised in forming a diagnosis. 


THIRD OBSERVATION 


Or THE PRETERNATURAL OR Morsip SouND OF THE CHEST AND 
Its GENERAL IMPORT 


X. To be able justly to appreciate the value of the various sounds 
elicited from the chest in cases of disease it is necessary to have 
learned, by experience on many subjects, the modifications of sound, 
general or partial, produced by the habit of the body, natural con- 
firmation as to the scapule, mamme, the heart, the capacity of the 
thorax, the degree of fleshiness, fatness, etc., etc.; inasmuch as 
these various circumstances modify the sound very considerably. * 

XI. If, then, a distinct sound, equal on both sides, and com- 
mensurate to the degree of percussion, is not obtained from the 
sonorous regions above mentioned, a morbid condition of some of the 
parts within the chest is indicated. 

On this truth a general rule is founded, and from this certain 
predictions can be deduced, as will be shown in order. For I 
have learned from much experience that diseases of the worst 
description may exist within the chest unmarked by any symptoms, 
and undiscoverable by any other means than percussion alone. 

A clear and equal sound elicited from both sides of the chest in- 
dicates that the air cells of the lungs are free, and uncompressed 


* I have purposely avoided the literal translation of the text in this place, as 
it is difficult to know the precise meaning attached by the author to one or two 
of the epithets used by him to designate the particular modifications of sound 
alluded to.—TRANS. 
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either by a solid or liquid body. (Exceptions to this rule will be 
mentioned in their place.) 

XII and XIII. If a sonorous part of the chest struck with the 
same intensity yields a sound duller than natural, disease exists 
in that part. 

XIV. If asonorous region of the chest appears, on percussion, en- 
tirely destitute of the natural sound,—that is, if it yields only a sound 
like that of a fleshy limb when struck,—disease exists in that region. 

The nature of the indications above pointed out will be under- 
stood by any one who attends to the difference of sound elicited by 
percussion of the chest and of the thigh in his own person. 

XV. The superficial extent of this unnatural sound (XIV) in a 
sonorous region is commensurate with the extent of the morbid 
affection. 

XVI. If a place naturally sonorous, and now sounding only as a 
piece of flesh when struck, still retains the same sound (on percus- 
sion) when the breath is held after a deep inspiration, we are to con- 
clude that the disease extends deep into the cavity of the chest. 

XVII. If the same results (XVI) are obtained both before and 
behind on points precisely opposite, we are to conclude that the dis- 
ease occupies the whole diameter of the chest. 

These varying results depend on the greater or less diminution of 
the volume of air usually contained in the thorax (lungs); and the 
cause which occasions this diminution, whether solid or liquid, pro- 
duces analogous results to those obtained by striking a cask, for ex- 
ample, in different degrees of emptiness or fulness: the diminution 
of sound being proportioned to the diminution of the volume of air 
contained in it. 


FOURTH OBSERVATION 


Or THE DISEASES IN GENERAL IN WHICH THE MorBIp SouND oF 
THE CHEST IS OBSERVED 


XVIII. The preternatural or morbid sound occurs in acute and 


chronic diseases; it always accompanies a copious effusion of fluid 
in the thoracic cavity. 
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It must be admitted that whatever diminishes the volume of air 
within the chest diminishes the natural sound of that cavity; but 
we know from the nature, the causes, and the effects of acute and 
chronic diseases of the chest that such a result is possible in these 
cases; and the fact is finally demonstrated by examinations after 
death. The effect of effused fluids in producing the morbid sound 
is at once proved by the injection of water into the thorax of a 
dead body; in which case it will be found that the sound elicited by 
percussion will be obscure over the portion of the cavity occupied 
by the injected liquid. 


FIFTH OBSERVATION 


Or AcutEs DISEASES IN WHICH THE CuEsT YIELDS THE MorsBIpD 
SouND 


XIX. The morbid sound which is observed in acute diseases 
occurs during their progress or at their termination. 

This consideration ought to lead all medical men to use percus- 
sion in acute diseases; as they will, thereby, be enabled to form a 
more correct judgment, which in such cases is always a difficult 
matter. It has often occurred to me to see cases of acute diseases, 
apparently over, and imposing on the physician under the mask of 
intermittent or remittent fevers, and which have eventually ended 
in a fatal vomica or fatal scirrhus of the lungs. 

XX. The preternatural sound which is perceived during the 
course of acute diseases of the chest occurs most frequently in in- 
flammatory affections. 

The reason of this observation (XX) will be obvious to any one 
acquainted with the nature of inflammation. ‘The preternatural 
sound may also be observed sometimes in epidemic exanthematous 
diseases, previously to the eruption, as was the case in the petechial 
epidemic of 1757, 1758, 1759, and in the miliary epidemic of the 
present year (1760). In the latter instance I observed that the 
preternatural sound, when once present, continued to the termina- 


tion of the eruption. 
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XXI. The morbid sound which occurs towards the termination of 
acute diseases is observed when the excretion of morbid matter is not 
adequate to the severity of the affection. 

XXII. The morbid sound occurring in inflammatory diseases is 
observable commonly on the fourth day; it rarely precedes, but 
often follows, this period. 

This sign occurs rarely on the third, and very often on the fourth, 
fifth and seventh day, but never later.* It is observed in those in- 
flammatory affections of the pleura or lungs, or both, which are ac- 
companied by a humid cough; but not in those attended by a dry 
cough,—such, eé. g., as the dry pleurisy, and inflammation of the 
mediastinum, pericardium, and heart. At least in these latter 
affections the sound is not observed, until such time as they verge 
towards a fatal termination, or have degenerated into obvious ab- 
scesses or vomice. 

XXIII. The morbid sound increases, from the time of its appear- 
ance, according to the nature, severity, and duration of the disease; 
it diminishes proportionably to the nature, duration, and copiousness 
of the excretions. 

The progressive augmentation of the preternatural sound de- 
pends on the gradual deposition of the morbific matter, which I have 
often found in such quantity as to occupy the inferior two-thirds of 
the affected side. 

XXIV. The disease in which the preternatural sound is once 
present either proves fatal (on a decretory day, reckoning from its 
origin); passes off with due excretion; or terminates in other affec- 
tions. 

XXV. The following corollaries are the result of my observations 
of inflammatory diseases of the chest, studied under the sign of 
morbid resonance: 

1. The duller the sound, and the more nearly approaching that of 
a fleshy limb stricken, the more severe is the disease. 
2. 'The more extensive the space over which the morbid sound is 


* The author explains this on the principle of critical days. I have omitted 
this part of the text, as purely theoretical. I doubt not also that his theory has, 
in this and some other places, biased his judgment and observation.—TRANS. 
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perceived, the more certain is the danger from the dis- 
ease. 

3. The disease is more dangerous on the left than on the right side. 

4. The existence of the morbid sound on the superior and anterior 
part of the chest (7.e., from the clavicle to the fourth rib) in- 
dicates less danger than on the inferior parts of the chest. 

5.°The want of the natural sound behind indicates more danger 
than it does on the anterior and superior part of the chest. 

6. The total destitution of sound over one whole side is generally 
(passim) a fatal sign. 

7. The absence of sound along the course of the sternum is a fatal 
sign. 

8. The entire absence of the natural sound over a large space in the 
region of the heart is a fatal sign. 

I have sometimes observed that the fatal prognostics given in the 
corollaries 6 and 7 were not verified when the matter made its way 
outwards, or abscesses formed in parts less essential to life. And 
this natural process has been often happily imitated by the ancients, 
by cauterising or otherwise incising the affected parts. 


SIXTH OBSERVATION 


Or Curonic DISEASES IN WHICH THE PRETERNATURAL SOUND IS 
OBSERVED 


XXVI. The preternatural sound observed in chronic diseases is 
owing either to—(1) some hidden condition of the organs, which 
disorders them with a slow progress and finally destroys them; or 
exists (2) when certain obvious causes have induced a slow disor- 
ganization of the same. 

These are the general sources of chronic diseases of the chest; and 
from whichever of the two classes of causes these arise, the morbid 
sound will equally and always be present. 

XXVII. The diseases of the first class are: (1) Those which de- 
pend on hereditary predisposition; (2) those which arise from 
affections of the mind, particularly ungratified desires, the principal 
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of which is nostalgia; (3) those which affect certain artisans, 

naturally possessing weak lungs. 

The influence of an hereditary taint in producing diseases we 
know by experience, though we cannot explain it (see Van Swieten). 
2. Mental affections, we find, produce quite opposite effects, while 

acting as causes of pectoral diseases. Of these affections of 
the mind, I have observed none more powerful in rendering 
obscure the natural resonance of the chest than the destruction 
of the cherished hopes. And as among this class of diseases, 
nostalgia (commonly called Heimwehe—home-ail) occupies 
the first place, I shall here give a short history of it. 

When young men, not yet arrived at their full growth, are 
forcibly impressed into the military service, and thereby at once 
lose all hope of returning safe and sound to their beloved home and 
country, they become sad, silent, listless, solitary, musing, and full 
of sighs and moans, and finally quite regardless of, and indifferent 
to, all the cares and duties of life. From this state of mental dis- 
order nothing can rouse them—neither argument, nor promises, nor 
the dread of punishment; and the body gradually pines and wastes 
away, under the pressure of ungratified desires, and with the pre- 
ternatural sound of one side of the chest. This is the disease 
nostalgia. I have examined the bodies of many youths who have 
fallen victims to it, and have uniformly found the lungs firmly 
united to the pleura, and the lobes on that side where the obscure 
sound had existed callous, indurated, and more or less purulent. 
Some years ago this disease was very common, but is now rarely 
met with, since the wise arrangement has been adopted of limiting 
the period of military service to a certain number of yexxs only. 

3. The various arts and occupations of life have their peculiar 
diseases in like manner as the ages, temperaments, and sexes 
have theirs. This truth is exemplified in the case of the man of 
letters, the husbandman, the worker in metals, painters, etc., 
etc. Our particular business, however, at present, is with 
those arts which dispose to diseases of the chest indicated by 
the sounds so often described. Thus I have remarked that 
tailors, millers, etc., who are forced to inhale, during their 
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labours, a fine dust, become phthisical, while shoemakers, 
weavers, etc., from the forced position or application of their 
weak chests, during their various occupations, become 
asthmatical, with scirrhous lungs, etc.* 

I may here state a fact which I have frequently proved by dis- 
section, but which I cannot well account for; it is this: in the above- 
mentioned class of cases it is extremely rare to find both lungs 
affected at the same time; and, when this happens, one lung is 
always more diseased than the other. 

XXVIII. The diseases mentioned (in XXVI, 2.) arise from—(1) a 
vitiated condition of the fluids, gradually produced; or (2) from 
acute affections imperfectly cured. 

1. The vitiation of the humours arises from ingesta which cannot be 
assimilated, the effect of which, in producing chronic diseases, 
is well known. 

2. An acute disease is said to be imperfectly cured when some mor- 
bid affection still remains after it in some part of the body. 
This morbid condition will be observed either in the site of the 
primary disease or, at least, in that portion of the chest which 

_ yields the morbid sound, namely, the pleura, or the lungs, or 

both these together, or the mediastinum or the pericardium. 
When the primary inflammatory disease is succeeded by a 
collection of pus in the chest the affection is readily recognized ; 
but if the secondary affection is a scirrhus of the lung, how 
often and how grievously are medical men deceived. Often 
have I met with cases of fancied convalescence from acute fevers, 
in which there was hardly any cough or dyspneea, or indeed any 
other sign of disease (as appeared to the attendants), but a 
trifling degree of irregular fever. In these cases, however, on 
percussion the preternatural sound was found over one whole 
side of the chest, and the final result was death, preceded either 


* The author here admits that these cases are improperly placed under the head 
of affections produced by secret and occult causes; but excuses himself under the 
plea that the occurrence of such diseases and their imperceptible progress, only 
in some few of the numbers exposed to the noxious influences, is a proof of origi- 
nal debility of the affected organ.—-TRANs. 
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by dropsy or extreme emaciation; the real seat of the disease 
remaining, perhaps, unknown to the very last. 

XXIX. For the above reasons it may be received as a general 
rule in chronic diseases that when, together with the indication 
stated XXVI, there are emaciation and debility, the case is des- 
perate. 

This result is inevitable whensoever the disease does not yield to 
medicine. In such cases we may always conclude that the lung of 
the side which yields the preternatural sound is either compressed 
by some foreign body, is indurated by disease, or destroyed by some 
morbid acrimony developed within its own structure. 


SEVENTH OBSERVATION 


Or THE PRETERNATURAL SOUND OF THE CHEST WHICH RESULTS 
FROM Copious EXTRAVASATION OF THE FLUIDS CONTAINED 
IN THE VESSELS OF THAT CAVITY 


XXX. The fluids contained in the vessels of the chest are: 
1, Chyle; 2, blood; 3, serum and lymph. 

I must candidly admit that I have never seen a case of ex- 
travasated chyle. I however believe the thing possible, although I 
am well aware that the thoracic duct runs outside the pleura; the 
same causes that produce erosion and perforation of the thoracic 
parietes, may produce this. 

XXXI. The extravasation of these fluids (XXX) may arise from 
the following causes: 1, Rupture of the containing vessels; 2, too 
great tenuity of contained fluids; 3, non-absorption of the same, 
etc., etc. 

1. Under this head come wounds, contusions, etc. 

2. Extravasations from internal causes arise from rupture of relaxed 
and debilitated vessels, during a state of plethora and over- 
activity of the circulation. 

3. A third class of causes are obstructions originating in a bad habit 
of the body. 

XXXII. When from these causes the fluids mentioned are 
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poured out in considerable quantity, the preternatural sound will 
exist over the space occupied by them. 

The correctness of this statement is evinced by the experiment 
mentioned at the end of XVII. 

According to the plan formerly proposed (XI) I shall now pro- 
ceed to notice those affections of the chest which are not indicated by 
percussion. 


EIGHTH OBSERVATION 


OF THOSE AFFECTIONS OF THE CHEST WHICH ARE NOT INDICATED 
BY PERCUSSION 


XXXIII. Certain diseases attended by a violent cough, and 
thereby creating a suspicion that the lungs are certainly implicated, 
are, nevertheless, truly diseases of the abdomen, and affect the 
pulmonary organs merely sympathetically. 

Under this head are ranged the gastric and convulsive cough of 
infants, pregnant women, and such other persons as have their 
abdominal viscera oppressed by the lentor of autumnal agues or a 
superfluity of phlegm. 

XXIV. Violent coughs, dyspnoeas, asthmas, and consumptions 
are also occasionally observed, which originate in some incompre- 
hensible irritability of the nerves of the chest. Affections of this 
sort rarely give rise to the preternatural sound: from the absence 
of this, however, and the presence of a copious watery urine their 
existence may be pretty confidently presumed. 

Under this head are arranged the coughs, dyspneeas, and asthmas 
so common in hysterical and hypochondriacal affections; the nervous 
consumption and asthma of old persons; and, perhaps we may add, 
the polypous concretions found near the heart in young subjects. 

XXXV. A slight engorgement of the lung, a scirrhus of small ex- 
tent, a small vomica, and a trifling extravasation are not detected by 
percussion, unless, sometimes, by the decreased resonance of the 
affected part. 

These affections are not dangerous until they reach a size when 
they become more readily discoverable by means of percussion. 
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XXXVI. There is another class of diseases of the lungs (undis- 
coverable by percussion) in which the distinguishing symptoms are 
a very severe cough, with expectoration of fatty, chalky, gypseous, 
and stony matters. 

These cases are known by the nature of the expectoration. I 
have frequently observed a cough of this kind, but without the 
peculiar expectoration, succeeding miliary fevers improperly 
treated. 


NINTH OBSERVATION 


Or THE APPEARANCES ON DISSECTION, IN CASES WHERE THE 
PRETERNATURAL SOUND OF THE CHEST HAD BEEN OBSERVED 


XXXVITI. These are the following: 
1. Scirrhus of the lungs. 
2. The conversion of this into an ichorous vomica. 
3. A purulent vomica (simple or ruptured) in the pleura, lungs, 
mediastinum or pericardium. 
. Empyema. 
. Dropsy of the chest, in one or both cavities. 
. Dropsy of the pericardium. 
. Extensive extravasation of blood in the cavity of the pleura or 
pericardium. 
8. Aneurism of the heart. 
I will now proceed to notice these diseases in order, premising, 
occasionally, some account of the general symptoms. 


ARH oe 


TENTH OBSERVATION 


Or ScrrRHUS OF THE LUNGS, AND ITs SymproMs 


XXXVIII. By scirrhus of the lungs I mean the degeneration of 
the natural spongy substance of the organ into an indolent, fleshy 
mass. 

A portion of sound lung swims in water, but this carniform de- 
generation sinks. There is often observed a vast difference in the 
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character of these scirrhi, in respect of hardness, color, and com- 
ponent parts. Thus in inflammatory diseases of the chest proving 
fatal on the fifth, seventh, or ninth day, the lung is very often found 
so completely gorged with blood as to resemble liver in every 
respect, both as to colour and consistence. One appearance de- 
serves to be noticed: the lung is frequently invested with a purulent 
adventitious membrane, in those instances wherein the fatal peri- 
pneumony has succeeded an acute pleurisy. In chronic diseases 
of the lungs the appearances are extremely various. Frequently 
they are interspersed, and, as it were, marbled with a fatty kind of 
matter; frequently along with the fleshy appearance they have the 
consistence of cartilage; and very often they are found indurated 
by means of a thickened and black blood. These varieties, doubt- 
less, depend on the varieties of the morbific matter. 

XXXIX. The presence of scirrhus of the lungs, in its primary, 
unsoftened condition, may be suspected from the following signs: 

Together with diminution or entire loss of the natural sound over 
the affected part, there is an infrequent cough without any expector- 
ation, or with only a scanty excretion of viscid and crude sputa. 
During a state of quiescence there is nothing to be observed much 
amiss, either in the condition of the pulse or respiration; but upon 
any considerable bodily exertion, or after speaking for some time> 
these persons become speedily exhausted, anxious, and breathless, 
and complain of a sense of dryness and roughness in the throat. 
At the same time the pulse, which had previously been of moderate 
frequency, becomes quick and unequal; the respiration and speech 
are broken and interrupted by sighs; the temporal, sublingual, and 
the jugular veins of the affected side are more than usually distended; 
while it will be observed that this side of the chest is less moveable 
than the other during inspiration. Meanwhile the natural and 
animal functions continue to be well performed; and the patient can 
lie on either side indifferently. 

All the above symptoms are more severe in proportion as the 


scirrhus is more extensive. 
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ELEVENTH OBSERVATION 


Or VomIcAE IN GENERAL 


XL. When an humour, sound or morbid, is deposited from the 
circulating mass in a solid form, and, together with the extreme 
vessels, is afterwards, by means of the vital powers, softened and 
converted into matter, and contained in a sort of capsule, I term 
this collection of matter a vomica. 

This notion applies to every vomica, whether produced by a vite 
of the solids or fluids, as is clear from the history of obstruction and 
inflammation. 

XLI. I have observed two kinds of vomica—the ichorous and 
purulent. The former occupies the lungs only; the latter, both the 
lungs and other thoracic viscera. They are both either close or 
communicating with the trachea. 

By the term zchorous vomica I mean a sac containing a thin fluid, 
frequently of a reddish yellow colour, frequently of a reddish brown, 
often of a colour between these, different from pus, and arising from 
the destruction of a scirrhous lung. By purulent vomica I under- 
stand an encysted abscess of the chest, resulting from the conversion 
of an inflamed spot into a white, thick, glutinous, fatty matter. 
When these communicate with the bronchia and discharge any of 
their contents by expectoration, they are called open; otherwise, 
close or shut. 

XLII. 1. Ichorous Vomica.—If a scirrhus of the lung, recog- 
nised by its proper signs (XX XIX), is converted into matter, it 
presents the following symptoms: The patient begins to languish 
and waste away insensibly (although the usual quantity of food is 
taken), with a quick, contracted, and unequal pulse. The respira- 
tion, even during a state of quietude, is unnaturally anxious and 
frequent and is remarkably interrupted by sighing. The forehead, 
during the more severe attacks, is sometimes covered with a cold 
sweat. ‘The eyes are dim; the veins of the cheeks and lips are livid, 
and the tongue, especially on the affected side, is of a leaden hue. 
At the same time there is neither pain nor thirst. The diseased 
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side, however, is observed to be less mobile than natural, and the 
degree of immobility is proportioned to the bulk of the vomica into 
which the scirrhus has been resolved. The cough is infrequent, 
interrupted, and dry; or the expectoration, if any, is dirty or black- 
ish (ceenosum aut fuscum). 

When things have got to this height, the appetite begins to fail, 
and at length is entirely lost; and whatever is eaten only produces 
an increase of anxiety during the process of digestion: this process, 
however, takes place without any hectic flushing, which always ac- 
companies the purulent vomica. 

In some cases, when there is a dissolution of the central parts of 
the scirrhus, the abdomen and hypochondres sink in; in a very 
few instances the same parts are slightly swollen, and with an in- 
distinct feeling of fluctuation. The urine rarely presents any 
deviation from the natural state; sometimes, however, it is red, and 
with a sediment, if any exists, of a cinnabar colour. ‘The stools are 
of natural character, except under the influence of medicine. The 
extremities, even when of a livid colour, are never hotter than 
natural until a few days before death; the affected side is, moreover, 
observed to swell, and the hand and foot in the first place. The 
patient now suffers from frequent sinkings and faintings; and from 
having hitherto been able to lie easily on either side, he is able to 
remain on the affected side only. 

2. Close Purulent Vomica.—The following are the symptoms of 
this affection: While the abdominal organs still continue to perform 
their functions well, there is often present a very troublesome, fre- 
quent, dry cough, so severe as to irritate the fauces, to render the 
voice hoarse, and often to excite vomiting. At this time are ob- 
served frequent irregular chills, followed by heat, and strong 
flushing of the cheeks and lips, particularly of the affected side. 
A degree of lassitude is experienced, more remarkable after a full 
meal; and at the same time there is perceived a degree of quickness 
and straitness of the respiration, sufficient to excite suspicion of 
some morbid affection of the chest. The pulse is also found to be 
contracted, frequent, somewhat hard, and unequal during the period 
of digestion; and even at other times it is never in a perfectly 
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natural state—more especially under the influence of bodily motion, 
laughing, or speaking. 

If at this time the vomica has reached a size to be detected by 
percussion, the following additional signs exist: The patient is not 
nourished by the food taken, partly because it is, in a greater or less 
degree, rejected by vomiting, and partly on account of the imper- 
fect assimilation of what is retained. As the disease increases the 
whole process of respiration is at length carried on by one lung; 
an incessant state of anxiety prevails, and the patient remains fixed 
on the diseased side, through dread of impending suffocation if he 
turn on the other. The face, hands, feet, and the affected side are 
cedematous; while the opposite part of the body, from deficient as- 
similation, hectic heat, and nocturnal perspirations, is extenuated. 
The urine now becomes scanty, red, turbid, with a copious branny 
sediment, and soon putrefies; and the scene is finally closed, with 
short and asthmatic breathlessness, lividity of the cheeks, lips, and 
nails, ete. 

3. Purulent Vomica Communicating with the Trachea.—When a 
vomica of considerable size, discoverable by percussion, bursts into 
the trachea, or rather bronchia, by a large opening, it produces 
instant suffocation; if by a small aperture, it is recognised by the 
following marks: By means of a violent cough, pus is expectorated, 
which is, in different cases, white, yellow, saffron, green, brown, 
bloody; which sinks in water, and, when thrown on hot coals, emits 
a stinking, nidorous smell. If at this time, while the patient is cough- 
ing and spitting, the palm of the hand be placed over the site of the 
vomica, 2. €., over the place where its existence had been detected 
by percussion,—the noise of fluid within the chest will be sufficiently 
manifest. This kind of expectoration will cease for some days, 
with relief to the patient; but it speedily returns, and is always 
preceded, for four and twenty hours, by an increase of the febrile 
state. During this state of things, and before the return of the 
expectoration, if percussion is applied over the site of the vomica, a 
sound exactly like that from a fleshy limb is obtained; but if this is 
delayed until the evacuation of the accumulated pus, then there is 
perceived a distinct, though obtuse sound. The slow fever which in- 
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variably accompanies this condition is increased after eating, and 
is still higher during the night; and at these times the forehead, neck, 
and chest are covered with perspiration. With the increase of these 
symptoms and the continuation of the purulent expectoration the 
breath becomes tainted, insomuch as to be extremely disagreeable 
both to the patient and the attendants. The thirst continues great, 
but the appetite is lost, even for the greatest delicacies, which, how- 
ever, sparingly taken, produce, in place of refreshment, languor 
and anxiety. (The case is very different with them whose sputa are 
inodorous, the appetite in many being even great.) The urine is 
uniformly frothy, grows speedily putrid, and deposits a viscid, 
tenacious, white sediment. The patient now daily grows more 
emaciated,—the bones almost pierce the skin,—the hair falls off, 
the nails become curved, the legs swell; at length a colliquative 
diarrhcea supervening first lessens, and then suppresses, the expec- 
toration, and the sufferer finally dies suddenly, on the third day 
after that on which he began to remain obstinately fixed on his 
back, with his legs drawn under him. 

XLII. Empyema.—When a vomica (XX XVII), ascertained by 
percussion, discharges its contents into the cavity of the pleura and 
upon the diaphragm, empyema is produced. 

I premise this definition to prevent the affection now in question 
from being confounded with a vomica that has discharged its con- 
tents into the trachea. 

XLIV. If a large vomica, whose superficial and central extent 
is supposed to have become recognised by the marks pointed out 
(OBSERVATION THIRD, XV, XVI, XVII), shall have burst as 
above mentioned (XLIII), it may be recognised by the following 
signs: 

The patient, who had usually lain on the affected side, starts up 
with a sudden pain, as if nearly suffocated, and begs to be held in 
the erect posture. 

If percussion is now applied, it will be found that the natural 
sound, which had been nearly lost in the site of the vomica, has in 
some degree been restored in that place; while it is more or less 
destroyed (according to the quantity of pus effused) over the 
posterior and inferior parts of the chest. 


9 
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There is now a very frequent cough, which is either dry or with a 
scanty, frothy, and noisy expectoration. The respiration becomes 
very laborious, with frequent faintings, and a cold sweat bedews the 
forehead and throat; the cheeks and lips are of an ominous red, 
while the nails grow livid, the pupils dilate, and death (which 
follows in a few hours the rupture of a large vomica) is finally pre- 
ceded by dimness of sight, etc. 

A small vomica, ruptured in the same manner, produces the same 
symptoms and is equally fatal. This issue, however, is of later oc- 
currence and is preceded by the marks of pleuro-peripneumony. 


TWELFTH OBSERVATION 


Or Dropsy or THE CHEST 


XLV. When water is collected in the cavity of the chest, between 
the pleura (costalis) and the lungs, the disease is called dropsy of the 
chest; and this is said to be of two kinds, namely, according as the 
fluid occupies one or both sides. 

This is ascertained by percussion in the living subject; and is 
demonstrated by anatomical examination after death. The general 
symptoms of the disease are chiefly the following: 

1. Difficult and laborious respiration. 

2. A cough at intervals, which is dry, or only attended by sputa 
of a thin, watery nature, or occasionally somewhat viscid. 

3. A pulse contracted, somewhat hard, frequent, unequal, and 
often intermitting. 

4, A sense of breathlessness and suffocation on the slightest 
motion. 

5. An incipient dislike of warm food. 

6. Perpetual anxiety about the scrobiculus cordis. 

7. Great pressure on the chest, and distension of the stomach 
during the period of digestion. 

8. A murmuring noise about the hypochondres, and frequent 
eructation of flatus, with momentary relief. 

9. Scarcely any thirst. 
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10. Urine very scanty, and rarely made, red, with a lateritious 
sediment. 

11. Swelling of the abdomen, more especially in the epigastrium, 
and particularly in that point on which the incumbent water gravi- 
tates. 

12. A sub-livid swelling of the extremities, especially of the feet, 
which are, moreover, cold to the touch. 

13. G&dematous tumescence of the inferior palpebre. 

14. A pallid, or, according to the nature of the affection, a sub- 
livid, discoloration of the cheeks, lips, and tongue. 

15. Inability to lie down; anxious, distressing nights, with 
heaviness, yet frequently sleepless. 

All these symptoms vary in a wonderful manner according to the 
disease. 

FIRST KIND.—Dropsy of One Side of the Chest.—Beside the 
general signs of this disease above enumerated, the affected side, 
if completely filled with water, is enfeebled (effeminatum) and ap- 
pears less movable during inspiration. In this case, also, the 
affected side yields nowhere the natural sound on percussion. If 
the chest is only half filled, a louder sound will be obtained over the 
parts to which the fluid does not extend, and, in this case, the re- 
sonance will be found to vary according to the position of the patient 
and the consequent level which the liquid attains. The hypo- 
chondre of the affected side is also unusually tumid, and more re- 
sisting to pressure than the rest of the abdomen. ‘The palpebra, 
hand, and foot of the affected side are slightly cedematous. It isa 
remarkable fact that the reclining posture (decubitus declivis) is 
easily borne when the chest is entirely full; while the contrary is 
the case when there remains space for the fluctuation of the water. 

SECOND KIND.—Dropsy of Both Sides of the Chest.—If fluid 
is contained in both sides of the chest, the following specific signs, 
in addition to the general symptoms, exist: The natural sound is 
destroyed over the space occupied by the water in either side. The 
patients uniformly become asthmatic, and resemble, in many re- 
spects, those labouring under ascites, only that the former have their 
inferior palpebre and hands swollen. They cannot lie in an hori- 
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zontal posture, and are equally threatened with suffocation on 
whichever side they turn; on which account they are forced to 
remain sitting, day and night, to prevent the pressure of the fluid 
from being felt on the upper part of the chest (which would be the 
case on lying down), in the same degree on which it now gravitates 
onthe abdomen. The effect of this state of things might lead to the 
suspicion of ascites, only that we find, on examining the patient in 
the erect position, that the hypochondriac regions are more swollen 
than the inferior parts, which is not the case in ascites. 

All these subjects die as if from peripneumony, that is to say, the 
pulse fails, the whole body, except the chest and head, grows cold, 
the cheeks and extremities become livid, the respiration is at first 
laborious, then interrupted, and finally ceases altogether. 

XLVI. Dropsy of the Pericardium.—When the liquor percardii is 
morbidly increased, so as to be capable of disturbing the natural 
action of the heart, the disease is called dropsy of the pericardium; 
of this there are two species, as the fluid is purulent or serous. 

The fluid naturally present in the pericardium accumulates in 
still greater quantity in those who suffer a long protracted mortal 
agony, as we find on examination after their death. But it is not to 
this accumulation, originating in the relaxation of death, but to that 
produced by obstruction during life, that I apply the term dropsy. 
I have ventured to divide the affection into two species, because I 
have often witnessed both of them. In the first variety the heart 
is rough, and, as it were, shagged, with a coating of the purulent 
matter; while in the latter the organ is only of a paler colour than 
natural. Many may be of opinion that the purulent dropsy would 
be better classed under the head of empyema; but I shall never 
quarrel about words when there are appearances to instruct us. 

Signs of Hydropericardium.—Almost all the symptoms which 
have already been enumerated as accompanying dropsy of the 
chest generally accompany this species also; in addition to these, 
however, I have observed the following specific signs of the dropsy 
of the pericardium: 

The sound in the cardiac region, which I have already stated 
(III, 2, 3) to be naturally more obscure than in the other parts of 
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the chest, is now as completely deadened as if the percussion were 
applied to a fleshy limb. A swelling is perceived in the precordia, 
which can readily be distinguished by its superior resistance from 
the stomach distended by flatus. 

_ The patients fall asleep while sitting, the body being inclined 
forwards; but they soon are roused by the unconscious dropping of 
the head. On this account they complain to all around them of the 
distressing propensity to sleep which they experience. At the same 
time they suffer from faintings (accompanied by a pulse frequently 
unequal in respect both of its rhythm and volume), and, indeed, con- 
tinue to undergo, to the end of their wretched life, and in every 
position of the body, the greatest distress. A few days before 
death, in many cases, the neck is swollen, and the eyes become ex- 
tremely red, as if from crying. ‘This state of things is sometimes 
terminated suddenly by a stroke of apoplexy, or more slowly by 
leipothymia. 

The same signs are furnished by percussion in the purulent, as 
in the proper dropsy of the pericardium; but in the former the other 
symptoms are precisely the same as those which exist in the close 
purulentvomica. In the purulent dropsy the fluid commonly resem- 
bles turbid whey, the thicker portions of it (quod purulentum est) 
being found adhering to the heart like fringes. 


THIRTEENTH OBSERVATION 


Or THE SympToMs OF A Copious EXTRAVASATION OF Bioop 


XLVII. The causes of a large extravasation of blood into the 
cavity of the chest have been noticed in XXXI. The following are 
the symptoms of this affection. 

There is incessant and indescribable anxiety and oppression at the 
precordia and on the chest, while there is constant jactitation of the 
body and complete intolerance of the horizontal posture. Per- 
cussion elicits none of the natural sounds over the space occupied by 
the extravasated blood. In all cases the pulse is extremely con- 
tracted, frequent, and irregular in every way. The respiration is 
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extremely laborious, with a frequent cough, and broken by pro- 
found sighing. All the veins become flaccid, and the eyes are at 
first red, but ultimately pale. Cold sweats, etc., follow, and the 
patient dies stertorous. 

These are the symptoms when the blood flows into the cavity 
of the pleura without any accompanying lesion of the lungs; when 
these are wounded, there is also bloody expectoration and a passage 
of air to and from the wound in the parietes of the chest. 


FOURTEENTH OBSERVATION 


Or ANEURISM OF THE HEART 


XLVIII. When the heart becomes so much distended by blood, 
accumulated in its auricles and ventricles, as to be unequal to propel 
forwards its contents, it frequently becomes thereby enormously 
dilated. This dilatation has been called aneurism of the heart. 

We frequently observe this state of the heart on dissection—(1) 
in sudden and extensive peripneumonias of both lobes at the same 
time, and (2) in those fatal inflammatory diseases which are noticed 
towards the end of XXII. 

The pathognomonic sign of this affection is the complete fleshy 
sound on percussion existing over a considerable space in the region 
of the heart. Whenever this sound is perceptible in the acute 
peripneumony, it is a sign that the patient will not survive twenty- 
four hours; in fact, he is already at the last gasp, and is speedily 
carried off as in apoplexy, unconscious of his fate. 

In the second class of inflammation the sign is equally fatal, but 
is attended by different symptoms. In this case the patients suffer 
dreadful anxiety, and by the constant jactitation of their limbs, are 
perpetually uncovering themselves. Older persons, indeed, bear 
more tranquilly their sufferings; but the younger are pertinaciously 
restless and violent, struggling and talking, attempting to get out of 
bed, demanding their clothes, and endeavouring to walk or go 
about their usual occupations. Meanwhile the eyes become dull, 
the cheeks livid, and the nails and extremities are tinged with a 
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leaden hue, and death is ushered in by cold sweats and the gradual 
extinction of the pulse and respiration. 

CEDANT HAEC MISERIS IN SOLIATIUM, VERIS 
AUTEM MEDICINE CULTORIBUS IN INCREMEN- 
TUM ARTIS: QUOD OPTO. 


LIST OF WRITINGS—EDITIONS * 


Inventum novum ex percussione thoracis humani, ut signo, abstrusos interni 
pectoris morbos detegendi, 1761. In: De Wasserberg. Op. min. med. et 
diss, octavo, Vindob, 1775, i, 316-361. 

The same. Nouvelle méthode pour reconnaitre les maladies internes de 
la portrine par la percussion de cette cavité. Ouvrage traduit du latin et 
commenté par J. N. Corvisart (1808). In: Ecycl d. sc. méd., 41 v, octavo, 
Paris, 1834-46; 7 div. [v. 12], 177-347. 

The same. Trattato della percussione di... suo inventore. Prima 
versione italiana col testo a fronte, del dott. Giovanni Piccardi, 77 pp. 
1]. octavo, Milano, presso la libreria Bravetta, 1844. Latin and Italian 
text. 

De inwendige razernij, of drift tot zelfmord, als eene wezenlijke ziekte 
beschouwd; met oorspronglijke waerneemingen, en aenmerkingen beves- 
tigd, uit het Hoogduitsch vertaeld en met verscheiden aentekeningen ver- 
meerderd door Lambertus Nolst. iv, 129 pp., octavo, Dordrecht, J. Krap, A. 
_ Z., 1788. See, also, Essai sur les maladies et les lésions organiques du 
coeur (etc.), octavo, Paris, 1855. 


* As they appear in the Surgeon General’s Library, Index Catalogue (Washing- 
ton). 
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RENE THEOPHILE HYACINTHE LAENNEC 
1781-1826 


Laénnec was born at Quimper, Lower Brittany, February 17, 
1781. His mother died of pulmonary tuberculosis when Réné 
was not quite five years of age, a fact of importance when it is 
remembered that this disease seriously handicapped and termi- 
nated his career. His father, an advocate of considerable educa- 
tion, appears to have had no sense of responsibility in the bringing 
up of his children, for, after the mother’s death, they were placed 
in the care of an uncle, a curé. From this influence Laénnec 
soon passed to that of another uncle, Guillaume Francois Laénnec, 
a professor in the faculty of the medical school at Nantes. Thus 
while receiving a thorough education, in which the classics and 
his native language occupied his especial attention, he was from 
an early age in a medical atmosphere. The practical side of 
medicine he saw in the military hospitals established at Nantes, 
to which, though an undergraduate, he was attached through the 
influence of his uncle. At nineteen years of age (1800) he went 
to Paris to complete his medical education. In Paris at La 
Charité he attended the clinics of Corvisart. It will be remembered 
that these were the stirring times of the Revolution, and a few years 
later of the first empire. Napoleon, with his remarkable insight 
into human capabilities, was appointing men of exceptional quali- 
ties to civil as well as military posts. Corvisart was Napoleon’s 
physician. The influence of this astute clinician upon Laénnec 
was similar to that of Hunter upon Jenner. The older man en- 
couraged and talked with Laénnec and he became a warm advo- 
cate of the theories advanced by his young pupil. One recalls 
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and Auenbrugger. Auenbrugger was a student under Van Swie- 
ten, but, unlike Corvisart, Van Swieten either failed to appreciate 
or did not wish to emphasize the importance of the method evolved 
by his pupil (see Percussion, Auenbrugger biographical sketch, 
p. 118). At the time Laénnec went to Paris it was the Continental 
seat of learning. The spirit of materialism which followed the 
revolution was felt more keenly in science than in any other branch 
of human thought. Scientists were discarding superstition and 
arm-chair philosophy, and instead were carrying on careful research. 
Chemists and physicists were demonstrating some of the most 
fundamental principles of nature. With such standards set by 
the savants even society in general had replaced the ball-room 
by the scientific saloon. From his simple surroundings in Brittany 
this was the world into which Laénnec came at nineteen years 
of age. It was to him, at it was to Holmes, some years later, a 
“‘oreat harvest.” Into these exceptional opportunities Laénnec 
threw himself, and though of a delicate constitution, manifested 
a remarkable capacity for work, which, combined with system, 
enabled him to accomplish at his age what men twenty years his 
senior would consider more than commensurate with their years. 
During the first three years of his attendance as pupil at La Charité 
he drew up careful histories of 400 cases seen by him. These 
histories, according to Dr. Meriadec Laénnec, his cousin, formed 
the groundwork of his future research and discovery. He won 
the first two prizes in surgery and medicine at the Concours in 
1801 and in 1802, and while still an undergraduate, he published 
a report upon a case of diseased heart; histories of inflammation 
of the peritoneum; a review of Bell’s ‘Treatise on Venereal 
Disease”; a treatise on peritonitis and a treatise on the capsule 
of the liver. On June 11, 1804, at the age of twenty-three, he took 
his doctor’s degree. For five years after graduation he was 
chief editor of the Journal de Médecine, and for two years he 
lectured upon pathological anatomy. Each year saw two or three 
important contributions from him, either to journals or to larger 
works. It was the age of the encyclopedia and dictionary, and he 
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contributed extensively to these. Reference to the biblio- 
graphical list below will show the extent of his authorship during 
the next ten years. In 1816, being thirty-five years of age, 
he was appointed visiting physician to the Necker Hospital in 
Paris. ‘Till now the discovery for which he is known had not 
formulated itself in his mind. He was, however, already well 
known in the medical world for his pathological observations, 
which he had been compelled upon several occasions to defend in 
open meeting and in his writings. His most lasting contribution 
to the study of pathology was his method of correlating clinical with 
post-mortem findings. The careful records which he kept in 
carrying out this method would in themselves probably have kept 
his name, like that of Morgagni, prominent in the history of medi- 
cine. His hospital appointment came, however, just at a time 
when he was in need of clinical opportunity. In his administration 
of this new position he immediately established a system of obser- 
vation which is given in his own words as follows: 

“When a patient enters the hospital it is the duty of a pupil to 
collect from him those anamnestic facts which he can give con- 
cerning his disease, and to follow their course. On examining the 
patient myself, I dictate the principal symptoms which I observe— 
those especially which may serve to establish the diagnosis or 
indication for treatment. And I confirm my conclusion, unless 
I may have changed it, by subsequent observations. ‘This dicta- 
tion, which is made in Latin, for reasons easily appreciated, is 
taken down by the pupil in charge of the patient, and at the same 
time on a separate sheet, which I call the “diagnostic leaf,” to 
keep which, in order that it may be shown to me and read whenever 
required at each visit, is the especial duty of another pupil. If a 
new sign appears, such as might modify the first diagnosis, I have 
that also added. Ifa patient die, the account of the autopsy is col- 
lected by the pupil in charge of the case. I read this account 
before all those who have been present at the autopsy, and if any 
correction is to be made, I make it on the spot, after having con- 
sulted with them.” 
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In the same year (1816) as his appointment to the hospital the 
idea of the stethoscope occurred to him. The account of how he 
evolved the principle underlying mediate auscultation is given in 
the preface to his essay (printed below, p. 162). At this time the 
only methods employed in the examination of the chest were palpa- 
tion to a very limited extent, percussion and immediate ausculta- 
tion (the ear directly to the chest). Percussion was but recently 
employed in clinical medicine, for it will be remembered that it 
was Corvisart, Laénnec’s teacher, who introduced it, and reclaimed 
it from obscurity by translating from the Latin Auenbrugger’s 
essay published in 1761. In May, 1816, Laénnec presented a 
report upon his method before the Société de l’école, and a few 
days later gave a public demonstration of the stethoscope. He 
now devoted himself to the task of accumulating evidence in 
support of the value of his instrument, and in June, 1818, he 
communicated his results to the Academy of Sciences. A com- 
mittee consisting of Portal, Pellentan, and Percy was appointed, 
and rendered the following report: 

“Your committee, in extending to Dr. Laénnec, who is already 
very favorably known by learned researches upon divers medical 
subjects, all the justice which is his due, have further the honor to 
assure the Academy that this physician, of whose titles to public 
confidence and esteem it is well aware, has merited its particular 
appreciation and an especial testimonial of its satisfaction for the 
new work by which he has done it honor.” 

He now set about the publication, in book form, of his findings, 
which till then had been communicated to societies only. So 
closely did he apply himself that he broke down, and was compelled 
to retire to his country house at Quimper. On November 15, 1818, 
he returned from his retreat in Brittany to resume his duties at 
the Necker Hospital. By 1819 his book appeared. The following 
is a copy of the title-page to this first edition: 
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Auscultation Mediate 
ou 
Traité du Diagnostic des Maladies 
des Poumons et du Cceur, 
Fonde Principalement sur ce nouveau 
Moyen D’Eploration. 
Par R. T. H. Laennec, 

D. M. P., Médecin de l’ Hépital Necker, Médecin 
honoraire des Dispensaires, Membre de la 
Sociéte de la Faculté Médecin de 
Paris et de plusieurs autres 

nationales et étrangéres. 

Méra 08 jyedpae the téyvn¢ elvac t6 Obvacbae oxonety. 
Pouroir explorer est, A mon avis, une 
grande partie de l’art.—Hipp. Epid. III. 
Paris—J. A. Brosson et J. S. Chaude, Libraires, 
rue Pierre-Sarrazin, No. 9. 

1819. 


In 1822, being in his forty-first year, he was appointed to the 
chair of medicine in the College of France, and in 1823 was made 
full professor of medicine, to succeed his teacher, Corvisart. In 
1826 he brought out a second edition of his work on mediate 
auscultation. This entailed an immense amount of very hard 
work, and he again broke down. From his student days he was 
always delicate, not merely of frail constitution, but often actually 
incapacitated for carrying out the plans of his otherwise indomita- 
ble ambition, and he is to be grouped with that long list of men who 
worked through illness and achieved success. Among these are 
Lancisi and Corvisart, both sufferers from heart disease; Darwin, 
Huxley, John Hunter, Matthew Arnold, Charles Sumner, the last 
three, victims of angina pectoris; Max Miiller, Parkman the 
historian, and many others who struggled silently and whose 
sufferings history may never record. In 1826 he returned to his 
home. The constant association with cases of pulmonary disease, 
his mother’s early death from tuberculosis, and his close application 
to hospital and literary work for twenty-five years well indicate 
the nature of his malady. On reaching his home, the dry cough 
from which he had long suffered became more severe and was 
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accompanied by pain in the right side, fever, dyspnoea, and great 


emaciation. On August 13, 1826, he died, being in his forty- 


fifth year. 
Note: I wish to acknowledge my indebtedness, for much valuable information, 
to Forbes’ “Life of Laénnec” and to W. S. Thayer’s “Laénnec.”—(C. N. B. C.) 


Laénnec Making a Ward Visit in the Necker Hospital, Paris, 1816. ‘The 
Stethoscope may be seen in His Left Hand. (From a Painting in La Sorbonne, 


and Reproduced in Harper’s Monthly Magazine, 1899.) 
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* Though this is not strictly Laénnec’s first publication, it represents his final 
conclusions on the subject. From the treatise, which is an exhaustive work on 
Diseases of the Chest, is selected for the present volume the Introduction and Chap- 
ter IV, which deals with Mediate Auscultation and the Stethoscope.—(C. N. B.C.) 
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INTRODUCTION 


Of all the diseases which are essentially local, those of the 
thoracic organs are unquestionably the most frequent; while in 
point of danger they can only be compared with organic affections of 
the brain. The heart, lungs, and brain constitute, according to the 
happy expression of Bordeu, the tripod of life; and none of these 
organs can sustain any considerable or extensive morbid change 
without the greatest danger. The delicacy of their organization and 
their incessant motion account for the frequency and severity of their 
diseases. In no other texture of the animal system is idiopathic 
and primary inflammation so frequent a source of severe disorder 
and death as in the lungs; and no other is so liable to become the 
seat of accidental productions of every kind, more especially of tuber- 
cles, the most common of all. The heart, although of a less deli- 
cate texture, is equally obnoxious to morbid changes. Of these, it 
is true, some are only of rare occurrence; but others are extremely 
common—for instance, thickening of its muscular substance and 
dilatation of its cavities. 

Diseases of the chest, in respect of their frequency and severity, 
hold also the first rank among those affections which, either as com- 
plications or effects, are found to accompany other diseases of a 
general nature. Thus in idiopathic fevers a slight degree of peri- 
pneumony, a determination of blood to the lungs, or a catarrh occa- 
sioning redness and thickening of the internal membrane of the 
bronchi and pouring into them an augmented secretion of mucus, 
are local affections quite as constant in their occurrence as the red- 
ness, thickenings or ulcerations of the mucous membrane of the in- 
testines, in which several authors, ancient and modern, have fancied 
they discovered the cause of these diseases. It may even be asserted 
that in maladies of every sort, whatever be their seat, death scarcely 


ever occurs without the chest becoming affected in one way or an- 
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other; and that, in most cases, life does not seem in peril until the 
supervention of a congested state of the lungs, serous effusion into 
the pleura, or a great disorder of the circulation. The brain in 
general becomes affected only subsequently to these changes; and 
frequently remains undisturbed even to the last moment of life. 
However dangerous diseases of the chest may be, they are, never- 
theless, more frequently curable than any other severe internal 
affection. For this double reason medical men in all ages have 
been desirous of obtaining a correct diagnosis of them. Hitherto, 
however, their efforts have been attended by little success, a cir- 
cumstance which must necessarily result from their having con- 
fined their attention to the observation and study of the deranged 
functions only. From the continued operation of the same cause 
we must even now confess, with Baglivi, that the diagnosis of the 
diseases of this cavity is more obscure than that of those of any other 
internal organ. Diseases of the brain, not in themselves numerous, 
are distinguished, for the most part, by constant and striking symp- 
toms; the soft and yielding walls of the abdomen allow us to ex- 
amine, through the medium of touch, the organs of that cavity, and 
thus to judge, in some measure, of their size, position, and degree of 
sensibility, and also of the extraneous substances that may be 
formed in them. On the other hand, the diseases of the thoracic 
viscera are very numerous and diversified, and yet have almost all 
the same class of symptoms. Of these, the most common and promi- 
-nent are cough, dyspneea, and, in some, expectoration. These, 
of course, vary in different diseases; but their variations are by no 
means of that determinate kind which can enable us to consider 
them as certain indications of known variations in the diseases. 
The consequence is that the most skilful physician who trusts to the 
pulse and general symptoms is often deceived in regard to the most 
common and best known complaints of this cavity. Nay, I will go 
so far as to assert, and without fear of contradiction from those who 
have been long accustomed to the examination of dead bodies, that, 
before the discovery of Auenbrugger, one-half of the acute cases 
of peripneumony and pleurisy, and almost all the chronic pleurisies, 
were mistaken by practitioners; and that, in such instances as the 
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superior tact of a physician enabled him to suspect the true nature 
of the disease, his conviction was rarely sufficiently strong to prompt 
and justify the application of very powerful remedies. The per- 
cussion of the chest, according to the method of the ingenious 
observer just mentioned, is one of the most valuable discoveries 
ever made in medicine. By means of it several diseases which had 
hitherto been cognisable by general and equivocal signs only, are 
brought within the immediate sphere of our perceptions, and their 
diagnosis, consequently, rendered both more easy and more certain. 
it is not to be concealed, however, that this mode of exploration is 
very incomplete. Confined, in a great measure, to the indication 
of fulness or emptiness, it is only applicable to a limited number of 
organic lesions; it does not enable us to discriminate some which 
are very different in their nature or seat; it scarcely affords any in- 
dication except in extreme cases, and cannot, therefore, enable us to 
detect, or even to suspect, diseases in their very commencement. 
It is more particularly in diseases of the heart that we regret the in- 
sufficiency of this method and wish for something more precise. 
The general symptoms of disease in this organ greatly resemble 
those produced by many nervous complaints and by the diseases of 
other organs. The application of the hand affords some indica- 
tions as to the extent, strength, and rhythm of the heart’s motions; 
but these in general are by no means distinct, while in cases of con- 
siderable fatness or anasarca they become very obscure, or are alto- 
gether imperceptible. Within these few years some few physicians 
have, in those cases, attempted to gain further information by the 
application of the ear to the cardiac region. In this way the pul- 
sations of the heart, perceived at once by the ear and touch, become, 
no doubt, more distinct. But even this method comes far short of 
what might be expected from it. Bayle was the first who, to my 
knowledge, had recourse to it at the time when we were attending 
the lectures of Corvisart. This great man himself never used it: 
he says only that he had several times heard the pulsation of the 
heart in listening very close to the chest.* We shall afterwards 
find that this phenomenon is different from auscultation, properly so 


* Essai sur les Maladies du Cceur, 3e. ed., p. 396. 
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called, and is only observable in some particular cases. But neither 
Bayle nor any other of our fellow-students, who, with myself, might, 
in imitation of him, employ this immediate auscultation (of which, 
by the way, the first notion is derived from Hippocrates), obtained 
any other result from it than that of perceiving more distinctly the 
action of the heart, in the cases where this was not very perceptible to 
the touch. The reason of this limited application will be stated 
hereafter. But, independently of its deficiencies, there are other ob- 
jections to its use: it is always inconvenient, both to the physician 
and patient; in the case of females it is not only indelicate, but often 
impracticable; and in that class of persons found in hospitals it is 
disgusting. For these various reasons this measure can but rarely 
be had recourse to, and cannot, therefore, become practically useful, 
since it is only by numerous observations and the comparison of 
numerous facts of the same kind that we can ever, in medicine, 
separate the truth from the errors which are constantly derived from 
the inexperience of the observer, from the varying fitness of his per- 
ceptive powers, the illusions of his senses, and the inherent dif- 
ficulties of the method of exploration which he employs. Ob- 
servations made after long intervals can never overcome dif- 
ficulties of this kind. Nevertheless, I had been in the habit of using 
this method for a long time, in obscure cases, and where it was 
practicable; and it was the employment of it which led me to the 
discovery of one much better. 

In 1816 I was consulted by a young woman labouring under 
general symptoms of diseased heart, and in whose case percussion 
and the application of the hand were of little avail on account of the 
great degree of fatness. The other method just mentioned being 
rendered inadmissible by the age and sex of the patient, I happened 
to recollect a simple and well-known fact in acoustics, and fancied 
it might be turned to some use on the present occasion. The fact I 
allude to is the great distinctness with which we hear the scratch of a 
pin at one end of a piece of wood on applying our ear to the other. 
Immediately, on this suggestion, I rolled a quire of paper into a 
kind of cylinder and applied one end of it to the region of the heart 
and the other to my ear, and was not a little surprised and pleased 
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to find that I could thereby perceive the action of the heart in a 
manner much more clear and distinct than I had ever been able to 
do by the immediate application of the ear. From this moment I 
imagined that the circumstance might furnish means for enabling 
us to ascertain the character, not only of the action of the heart, but 
of every species of sound produced by the motion of all the thoracic 
viscera and consequently for the exploration of the respiration, 
the voice, the rhonchus,* and perhaps even the fluctuation of 
fluid extravasated in the pleura or the pericardium. With this con- 
viction I forthwith commenced at the Hospital Necker a series of 
observations from which I have been able to deduce a set of new 
signs of diseases of the chest, for the most part certain, simple, and 
prominent, and calculated, perhaps, to render the diagnoses of the 
diseases of the lungs, heart, and pleura, as decided and circumstantial 
as the indications furnished to the surgeon by the introduction 
of the finger or sound, in the complaints wherein these are used. 

The following work, which contains the result of these observa- 
tions, I shall divide into three parts. In the first I shall detail 
the various methods of exploration by which we obtain a knowl- 
edge of the diseases of the chest; the second will contain an account 
of the diseases of the bronchi, lungs, and pleura; the third, of the 
diseases of the heart and its appendages. 

But before proceeding with my subject it may be well to say 
something on the attempts I have made to perfect my instrument of 
exploration, both as to its materials and shape, in order that others, 
who may entertain a like design, may follow a different route. 

The first instrument which I used was a cylinder of paper, formed 
of three quires, compactly rolled together, and kept in shape by 
paste. The longitudinal aperture which is always left in the centre 
of paper thus rolled led accidentally in my hands to an impor- 
tant discovery. This aperture is essential to the exploration of the 
voice. A cylinder without any aperture is best for the exploration 
of the heart: the same kind of instrument will, indeed, suffice for the 
respiration and rhonchus; but both these are most distinctly per- 
ceived by means of a cylinder which is perforated throughout and 

* See note f, p. 167.—(C. N. B. C.) 
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excavated into somewhat of a funnel shape, at one of its extremities, 
to the depth of an inch and a half. The most dense bodies do not, 
as might have been expected from analogy, furnish the best materials 
for these instruments. Glass and metals, exclusively of their weight 
and the sensation of cold occasioned by their application in winter, 
convey the sounds less distinctly than bodies of inferior density. 
Upon making this observation, which at once surprised me, I 
wished to give a trial to materials of the least possible density, and, 
accordingly, caused to be constructed a cylinder of gold-beater’s 
skin, inflated with air, and having the central aperture formed of 
pasteboard. This instrument I found to be inferior to all the others, 
as well from its communicating the sounds of the thoracic organs 
more imperfectly, as from its giving rise to foreign sounds, from the 
contact of the hand, etc. 

Bodies of a moderate density, such as paper, the lighter kinds of 
wood, or Indian cane, are those which I always found preferable 
to others. This result is perhaps in opposition to an axiom in 
physics; it has, nevertheless, appeared to me one which is invari- 
able. In consequence of these various experiments I now employ a 
cylinder of wood, an inch and a half in diameter and a foot long, 
perforated longitudinally by a bore three lines wide, and hollowed 
out into a funnel shape to the depth of an inch and a half at one 
of the extremities. It is divided into two portions, partly for the 
convenience of carriage and partly to permit its being used of half 
the usual length. ‘The instrument in this form—that is, with the 
funnel-shaped extremity—is used in exploring the respiration and 
rhonchus: when applied to the exploration of the heart and the voice 
it is converted into a simple tube with thick sides by inserting into 
its excavated extremity a stopper or plug traversed by a small 
aperture, and accurately adjusted to the excavation. This instru- 
ment I have denominated the stethoscope.* The dimensions men- 
tioned are not a matter of indifference. A greater diameter renders 
its exact application to certain parts of the chest impracticable; 
greater length renders its retention in exact apposition more dif- 
ficult, and when shorter, it is not so easy to apply it to the axilla, 


* From ot7Joc, pectus, and oxorzéw, exploro. 


INTRODUCTION 165 


while it exposes the physician too closely to the patient’s breath, and, 
besides, frequently obliges him to assume an inconvenient posture, 
a thing above all others to be avoided if we wish to observe accur- 
ately. The only case in which ashorter instrument is useful is where 
the patient is seated in bed or on a chair, the head or back of which 
is close to him: then it may be more convenient to employ the half- | 
length instrument. 

In speaking of the different modes of exploration, I shall notice - 
the particular positions of the patient, and also of the physician, 
most favourable to correct observation. At present I shall only 
observe that, on all occasions, the cylinder should be held in the 
manner of a pen, and that the hand of the observer should be 
placed very close to the body of the patient to insure the correct 
application of the instrument. 

The end of the instrument which is applied to the patient—that, 
namely, which contains the stopper or plug—ought to be slightly 
concave, to insure its greater stability in application; and when there 
is much emaciation, it is sometimes, though rarely, necessary to 
insert between the ribs a piece of lint or cotton covered with cloth, 
on which the instrument is to be placed, as, otherwise, the results 
might be affected by its imperfect application. 

Some of the indications afforded by mediate auscultation are very 
easily acquired, so that it is sufficient to have heard them once to 
recognise them ever after: such are those which denote ulcers in 
the lungs, hypertrophy of the heart when existing in a great degree, 
fistulous communication between the bronchi and cavity of the 
pleura, etc. There are others, however, which require much study 
and practice for their effectual acquisition. 

The use of this new method must not make us forget that of 
Auenbrugger; on the contrary, the latter acquires quite a fresh de- 
gree of value through the simultaneous employment of the former, 
and becomes applicable in many cases wherein its solitary applica- 
tion is either useless or hurtful. It is by this combination of the 
two methods that we obtain certain indications of emphysema of the 
lungs, pneumo-thorax, and of the existence of liquid extravasations 
in the cavity of the pleura. ‘The same remark may be extended to 


166 INTRODUCTION 


some other means, of more partial application—such, for example, 
as the Hippocratic succussion, the mensuration of the thorax, and 
immediate auscultation; all of which methods, often useless in them- 
selves, become of great value when combined with the results pro- 
cured through the medium of the stethoscope. 

In conclusion, I would beg to observe that it is only in an hospital 
that we can acquire, completely and certainly, the practice of 
this new art of observation; inasmuch as it is necessary to have 
occasionally verified, by examination after death, the diagnostics 
established by means of the cylinder in order that we may acquire 
confidence in the instrument and in our own observation, and 
that we may be convinced, by ocular demonstration, of the correct- 
ness of the indications obtained. It will be sufficient, however, to 
study any one disease in two or three subjects to enable us to 
recognise it with certainty; and the diseases of the lungs and heart 
are so common that a very brief attendance on an hospital will put 
it in the power of any one to obtain all the knowledge necessary 
for his guidance in this important class of affections. 

It would, no doubt, be expecting too much of physicians actively 
engaged in private practice to devote much time to the acquisi- 
tion of this knowledge in an hospital; but they may readily and 
compendiously obtain the necessary opportunities through the 
kindness of friends attached to these establishments, who can make 
them acquainted with rare or interesting cases as they occur. In 
this way there is no physician who may not, in a very little time, learn 
to recognise with certainty not only the cases above mentioned, but 
peripneumony, pleurisy, latent catarrhs, and even the very rudi- 
ments of these affections: and this last-mentioned circumstance is 
unquestionably the chief practical benefit of auscultation, inas- 
much as these diseases are the more easily cured, according as they 
are subjected to early treatment. 
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OF MEDIATE AUSCULTATION* 


The signs afforded by mediate auscultation in the diseases of 
the lungs and pleura are derived from the changes presented by 
the sound of respiration, by that of the voice and coughing, within 
the chest, and also by the rhonchust as well as certain other 
sounds which occasionally are heard in the same situation. Of 
these signs we shall now proceed to give some account. The notice 
of those which refer to the diseases of the heart will be deferred 
until we come to treat of the affections of this organ. 

The general precautions which the practice of auscultation re- 
quires are the following: 1. The stethoscope must be applied very 
exactly and perpendicularly to the surface on which it rests, so as 
to leave no interval between the skin and any part of the extremity 
applied. 2. We must be careful not to produce pain by too strong 
pressure; this precaution is most necessary when the instrument is 
used without the stopper, and when the person is lean. 3. Al- 
though it is not necessary that the chest should be uncovered,—as 
all the positive stethoscopic signs, and frequently also the negative 
ones, may be perceived through clothes of considerable thickness, 
provided they are applied closely to the body,—still it is better that 
the clothing should only be light; for example, a flannel waistcoat 
and shirt. Silks and also woollen stuffs are often inadmissible on 
account of the noise occasioned by their friction against the in- 
strument. The examiner ought to be careful, above all things, not 
to place himself in an uncomfortable posture, nor yet to stoop too 
much, nor turn his head backwards by a forced extension of the 
neck. These positions determine the blood to the head and thus 
obscure the sense of hearing: they may sometimes be properly 


* Only that portion of Laénnec’s work dealing with mediate auscultation is given 
below; the original communication from which this is taken is an exhaustive trea- 
tise on the Diseases of the Thoracic Viscera. 

+ This word has improperly been given a separate meaning from that of rdle. 
It is merely the word selected by Forbes to render into English the French word 
ra@le (from raale, old French). Rhonchus, éryv¢, snoring; rdle, rattle—the 
words are synonymous.—C. N. B. C. 
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avoided by kneeling on one knee. In examining the fore parts of 
the chest we ought to place the patient on his back in a recumbent 
position, or in a chair, and gently reclining backwards. When we 
examine the back, we cause the patient to lean forwards and to keep 
his arms forcibly crossed in front; and when we examine the side, 
we cause him to lean gently to the opposite one and to place the 
forearm on the head. 


SECTION I 
AUSCULTATION OF THE RESPIRATION 


In exploring the respiration we use the instrument without 
its stopper. In commencing our examination it is a proper pre- 
caution to cause the patient to take a few inspirations of moderate 
force and frequency, followed by expirations as nearly as may be of 
the same length. It sometimes happens that perfectly sound lungs 
give hardly any, or at most a very feeble, respiratory sound; and 
in these cases it is commonly found that the sound is weak in pro- 
portion to the effort made by the patient to make it audible. At 
other times our patients, fancying that something uncommon is 
expected from them, expand their chests to the very utmost extent; 
or they make several strong inspirations, one after another, without 
any intervening expiration; these unnatural efforts produce hardly 
any respiratory sound. In such cases, and indeed in all others 
where the sound of respiration is found to be weak, we desire the 
patient to cough. The act of coughing, particularly intentional 
coughing, is commonly preceded or followed by a real inspiration, 
which is then found to be as sonorous as the particular condition of 
the organ admits; and in these cases we are frequently surprised to 
perceive the ready penetration of the air into the lungs which we 
should have considered as impermeable, if we had relied on our 
first trials. We sometimes obtain a similar end in making the pa- 
tient speak, and, still more, in making him read or recite. I state 
this fact not only because it is of practical importance, but because 
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it tends to the conclusion that the lungs are themselves possessed of 
an inherent power of action, the seat of which is probably in the 
smaller bronchial ramifications. 

The sound of respiration is different in the lungs, the trachea, and 
the larger bronchial tubes respectively. These differences we shall 
now describe. 

1. Vesicular Respiration—On applying the cylinder, with its 
funnel-shaped cavity open, to the breast of a healthy person, we 
hear, during inspiration and expiration, a slight but extremely distinct 
murmur, answering to the entrance of the air into, and its expulsion 
from, the air-cells of the lungs. This murmur may be compared 
to that produced by a pair of bellows whose valve makes no noise, 
or, still better, to that emitted by a person in a deep and placid 
sleep, who makes now and then a profound inspiration. We per- 
ceive this sound almost equally distinct in every part of the chest, but 
more particularly in those points where the lungs, in their dilatation, 
approach nearest to the thoracic parietes—for instance, the anterior- 
superior, the lateral, and the posterior-inferior regions. The hol- 
low of the axilla, and the space between the clavicle and superior 
edge of the trapezius muscle, exhibit the phenomenon in its greatest 
intensity. 

To judge correctly of the state of respiration by this method we 
must not rely on the results of the first moments of examination. 
The sort of buzzing sensation often caused by the first application of 
the instrument, the fear, restraint, and agitation of the patient, 
which mechanically lessen the force of respiration, the frequently 
inconvenient posture of the observer, and the great sensation oc- 
casionally produced by the action of the heart, are all causes which 
may at first prevent us from correctly appreciating, or even from 
hearing at all, the sound of inspiration and expiration. We must, 
therefore, allow some seconds to pass before we attempt to form an 
opinion. I need hardly observe that there must be no noise what- 
ever in the vicinity of the patient. 

I have already mentioned the necessity of the observer avoiding 
uneasy postures. Besides the inconveniences stated, this may also 
mislead by occasioning the auscultator to hear the sound of the con- 
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traction of his own muscles. We must be equally on our guard 
that the patient does not excite this sound in his own muscles by too 
strong a contraction of them in crossing the arms, leaning forward, 
or resting on the elbow. On this account, in the examination of 
weak subjects, it is always better to have them supported by as- 
sistants than to make them exhaust their remaining strength in 
keeping themselves in the erect position. It is right to observe, 
however, that all these precautions are only necessary to beginners. 
After one or two months’ experience the ear becomes accustomed 
to the sound it is in search of, and is able to discriminate it from all 
the others with which it may be combined, even when weaker than 
they are. 

The intervention of clothing, even when of considerable thickness, 
provided it be of a compact texture and fit the body well, does not 
sensibly diminish the sound of respiration; but we must be careful 
that there is no friction between this and the instrument, as this 
circumstance, especially if the clothes be of silk or of fine hard, 
woollen stuff, may mislead us by exciting a sensation analogous to 
that produced by respiration. Fatness, even when excessive, and 
anasarca of the chest, seem to have no effect in diminishing the 
peculiarsound. 'Thesound is more distinct in proportion as the 
respiration is more frequent. A very deep inspiration, made very 
slowly, will sometimes be scarcely audible, while an imperfect res- 
piration—such, for instance, as hardly at all elevates the chest, 
provided it be made quickly—may produce a very loud sound. 
On this account, when examining a patient, more especially if we 
have had but slight practice with the instrument, we should desire 
the respiration to be performed rather quickly. This is, however,a 
very unnecessary precaution in most diseases of the chest, as the 
frequent presence of dyspnoea necessarily renders the respiration 
quick. The same is true of fever and the agitation caused by 
nervous affections. 

Many other causes, and especially the age of the individual, alter 
the intensity of the sound. In children respiration is very sonorous, 
even noisy, and can be heard easily, even through very thick cloth- 
ing. In them the close and forcible application of the instrument 
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to prevent the friction of the garments is unnecessary, as any noise 
that might arise from this cause is lost in the intensity of the other. 
The respiration of children differs, also, from that of adults in other 
respects besides its intensity. It is impossible to describe this 
peculiarity, but it will easily be understood by comparative trials. 
It appears as if, in children, we could distinctly hear the dilatation 
of all the air-cells to their full extent; whilst, in adults, these seem 
as if, from their stiffness, they could only bear a partial dilatation. 
This difference of sound is much less marked in expiration than 
inspiration. The dilatation of the chest in inspiration is also greater 
in the child; and both the peculiarities are more remarkable as the 
‘child is younger; they continue, in a greater or less degree, to the 
period of puberty or a little beyond it. 

The sound produced by respiration varies, also, very much in 
its intensity in different adults. In some men it is scarcely per- 
ceptible unless they make a very deep inspiration, and even then, al- 
though sufficiently distinct, it is not one-half so audible as in the 
majority of persons. These individuals have generally a rather 
slow respiration and are little subject to dyspnoea, or breathlessness, 
from any cause. Others, however, have the respiration very 
distinct, even during a common inspiration, without being, on this 
account, at all more subject to shortness of breath than the former. 
Some few individuals, again, preserve through life a state of respi- 
ration resembling that of children, and which I shall, therefore, 
denominate puerile, in whatever age it may be perceptible. Such 
persons are almost all women, or men of a nervous temperament, 
and they preserve, in some other respects, the character of childhood. 
Some of these cannot be said to have any actual disease of the lungs, 
but they soon get out of breath, even though lean, by exercise, and 
are very liable to catch cold. Others of this class are affected with a 
chronic catarrh, attended by dyspnea, a condition constituting one 
of those cases to which the name of asthma is usually given. With 
these exceptions an adult cannot, by any effort, give to his respira- 
tion the sonorous character it has in childhood; but in some morbid 
states the respiration spontaneously acquires it, without being, at 
the time, performed more forcibly than usual. This is particularly 
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the case when one whole lung, or a considerable portion of both 
lungs, is rendered impermeable to air through disease, especially 
acute disease. In the sound portion of the lungs, in these cases, 
the respiration is perfectly similar to that of children. The same 
thing is observable throughout the whole extent of the lungs in some 
cases of fever and in certain nervous diseases. 

At first we are tempted to believe that the superior intensity of the 
respiratory murmur in children may be owing to the tenuity of the 
muscles covering the chest, and to the superior suppleness of the 
texture of the lungs. But the first cause must have scarcely any 
effect in this way, since we find that, even in the fattest children, and 
in those most thickly clothed, the respiration is much more dis- 
tinct than in the leanest adult examined uncovered; whilst of the 
adults who possess the puerile respiration, many are very robust and 
full of flesh. Neither does the quieter respiration of the adult 
depend on any induration or loss of pliability in the pulmonary 
texture, since it sometimes accidentally returns to the character it 
had in infancy. Iam rather disposed to believe that the difference 
of result depends on the fact of children requiring a greater pro- 
portion of air, and consequently a fuller inspiration, than adults, 
whether this necessity arises from the greater activity of their cir- 
culation or from some difference in the chemical composition of the 
blood. The respiration which is most audible to the ear is not that 
which produces the greatest sound in the interior of the chest. I 
do not here allude to that species of respiration which is accompanied 
with a rattling or wheezing, or any other foreign sound, but to that 
kind of respiration which is simply loud, and which is so frequent in 
dyspneea. ‘This noise is merely the aggravation of the natural sound 
made by many persons in sleep, and is caused by the mode in which 
the air impinges upon the parts in the fauces. We can imitate it at 
will. I am acquainted with an asthmatic patient whose habitual 
respiration can be heard at the distance of twenty feet, and whose 
respiration, as heard in the interior of the chest, is, nevertheless, 
weaker than in the majority of men. ‘The same remark applies to 
the noise (snoring) emitted by many healthy persons during sleep; 
and also to the imitative sounds of jugglers and ventriloquists, all of 
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which are produced in the throat and posterior nares, and are quite 
unconnected with the sound of respiration in the interior of the 
chest. . 

When we can distinctly perceive, and with a uniform intensity, 
the respiratory sound in every part of the chest, we may be as- 
sured that there exists neither effusion into the cavity of the 
pleura nor any species of obstruction in the substance of the lungs. 
On the other hand, when we find the respiration is not to be distin- 
guished in any particular point, we may safely conclude that the cor- 
responding portion of the lungs within is become impermeable to 
the air from some cause or other. This sign is as easy to be per- 
ceived as the presence or absence of the sound, in the percussion of 
Auenbrugger, and affords precisely the same indications. With the 
exception of some peculiar cases, in which the simultaneous em- 
ployment of the two different methods gives us signs which are 
completely pathognomonic, we may state it as a general fact that 
the absence of the sound on percussion coincides uniformly with 
the absence of respiration as ascertained by the stethoscope. Auscul- 
tation, as we shall find, has this advantage over percussion, that it 
points out more correctly the various degrees of pulmonary ob- 
struction. It has certainly the inconvenience of requiring a little 
more time in its application; but, on the other hand, it demands less 
care and attention, and, moreover, can be employed in all cases, even 
in those wherein percussion affords no results whatever. 

2. Bronchial Respiration —By this term I designate the sound of 
respiration as observed in the larynx, trachea, and larger bronchial 
trunks. When we apply the stethoscope upon the larynx or 
cervical portion of the trachea we perceive that the respiratory 
sound is without that slight degree of crepitation which accompanies 
the dilatation of the air-cells of the lungs; the idea of a drier sound 
seems to be suggested to us, and we at the same time feel distinctly 
that the air is passing through a large empty space. ‘This modifica- 
tion of the respiratory sound may be perceived over the greater part 
of the neck; it is strongly marked on the side of the neck; and 
we must be on our guard against it when exploring the acromion 
region, insomuch that if we direct the extremity of the cylinder to- 
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wards the lower portion of the neck we run the risk of hearing the 
tracheal respiration only, and may thereby, if not well versed in the 
distinctive characters of the different kinds of respiration, be led to 
consider the upper lobes as quite sound when they are, in fact, al- 
together impermeable to air. When a person inspires strongly by 
the nostrils, a like sound, originating in the nasal canal and fauces, 
may be heard over the whole surface of the head. In certain sub- 
jects, especially if very lean, the respiration possesses somewhat of 
this character when examined over the sternum and at the roots of 
the lungs—that is, between the scapule, and particularly near their 
upper and inner angle; but here the bronchial sound is not so 
readily distinguished, because of its intermixture with the common 
respiratory or vesicular murmur. Still less are we able, in the 
healthy condition of the lungs, to distinguish this peculiar modifica- 
tion of the respiration in the smaller bronchial tubes in other points 
of the chest. When, however, the texture of the lungs becomes 
indurated or condensed from any cause, such as pleuritic effusion, 
or the changes occasioned by a severe peripneumony or hemoptysis, 
the vesicular respiration having then disappeared, or being much 
lessened, we can frequently perceive distinctly the bronchial respira- 
tion, not only in the large, but even in the small, ramifications of the 
bronchi. In such cases, although this peculiar modification of the 
respiratory sound is perceived in other parts, still it is nowhere so 
distinct as at the roots of the lungs. Next to the roots, the upper 
lobes exhibit it most frequently; and it is here, as we shall afterwards 
find, that the bronchi are most apt to become dilated. The cause 
of this bronchial respiration appears to me very obvious; in fact, 
when the air is prevented from penetrating the cells, this is the only 
kind of respiration that can exist; and it is found to be louder and 
more distinct in proportion as the lung is more condensed, and 
thereby becomes a better conductor of sound. 

It is of great consequence to distinguish accurately the bronchial 
from the vesicular or pulmonary respiration, not only on account 
of the great errors of diagnosis which must result from their being 
confounded, but because the former becomes a pathognomonic 
sign in several cases of importance. In peripneumony it is one of 
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the first indications of hepatization, and commonly precedes the loss 
of the natural sound on percussion; it is likewise one of the earliest 
signs of an accumulation of tubercles in the upper lobes of the lungs. 

3. Cavernous Respiration.—I understand by this term the sound 
produced by inspiration and expiration in an excavation formed in 
the substance of the lungs, whether arising from the softening of a 
tubercle, from gangrene, from abscess (or from extensive dilatation 
of the bronchi). This variety has the same character as the preced- 
ing, only that it further conveys the idea of air entering into a larger 
cavity than a bronchial tube; and when there exists any doubt as to 
this being really the case, other circumstances connected with the 
sound of the voice and cough remove all uncertainty. 

4. Blowing or Puffing Respiration.—In those cases wherein either 
the bronchial or cavernous respiration exists it is sometimes ob- 
served that when the patient is breathing quickly and by fits, 
during inspiration the air appears as if drawn from the auscultator’s 
ear, while in expiration it seems blown into it. This species of 
respiration is one of those phenomena which serve to confirm the 
existence of an excavation near the surface of the lungs, but there 
are others yet more precise, which will be noticed hereafter. This 
sort of puffing or blowing is equally produced during coughing 
and speaking. The illusion of blowing into the ear in these cases 
is so perfect that it is only from the absence of the feeling of titilla- 
tion, and of warmth or coldness, which a blast of air so impelled 
must necessarily occasion, that we are led to doubt its reality. 
This phenomenon is found to take place equally in the bronchi 
which adjoin the surface of the lungs, and particularly in the large 
branches at their roots, when the substance of the lung around is 
condensed, as in pneumonia or by a pleuritic effusion. In the case 
of excavations, this variety of respiration always indicates that they 
are very close to the surface of the lungs. It sometimes also presents 
a further modification, which I call the veiled puff (souffle voilé). In 
this case it seems to us as if every vibration of the voice, cough, or 
respiration agitates a sort of movable veil interposed between the 
excavation and the ear. This particular modification obtains 
under the following conditions: (1) In tuberculous excavations of 
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which the walls are very thin, at least in some points, and which are 
unconnected by adhesions with the costal pleura; (2) in peri- 
pneumonic abscesses of which the walls are unequally indurated, 
and in some places only congested; (3) in cases of peripneumony, 
when some part of a large bronchial ramification passes through a 
portion of lung still sound or only slightly congested; (4) in 
dilatation of the bronchi and also sometimes in pleurisy, when the 
affected branch has some part much less dense than the rest. 
We must be careful not to confound this phenomenon with a variety 
of mucous rhonchus which sometimes accompanies it. 


SECTION II 
AUSCULTATION OF THE VOICE 


In the very earliest period of my researches on mediate ausculta- 
tion I attempted to ascertain the differences which the sound 
of the voice within the chest might occasion. In examining several 
subjects with this view I was struck with the discovery of a very 
singular phenomenon. In the case of a woman, affected with a 
slight bilious fever and a recent cough having the character of a 
pulmonary catarrh, on applying the cylinder below the middle of the 
right clavicle, while she was speaking, her voice seemed to come di- 
rectly from the chest, and to reach the ear through the central canal 
of the instrument. This peculiar phenomenon was confined to a 
space about an inch square, and was not discoverable in any other 
part of the chest. Being ignorant of the cause of this singularity, I 
examined, with the view to its elucidation, the greater number of the 
patients in the hospital, and I found it in about twenty. Almost 
all these were consumptive cases in an advanced stage of the disease. 
In some the existence of tubercles was still doubtful, though there 
was reason to suspect them. Two or three, like the woman above 
mentioned, had no symptom of this disease, and their robustness 
seemed to put all fears of it out of the question. Notwithstanding 
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this I began immediately to suspect that this phenomenon might be 
occasioned by tuberculous excavations in the lungs. The observa- 
tion of the same thing in patients who had no other symptoms of 
phthisis did not appear to me conclusive against the correctness of 
my suspicions, because I knew it to be by no means unusual to 
find in the lungs of persons carried off by some acute disease, and 
who had never shown any sign of consumption, tubercles not only 
softened, but excavated, and forming the very case denominated 
ulceration of the lungs. The subsequent death, in the hospital, of 
the greater number of the individuals who had exhibited this phe- 
nomenon enabled me to ascertain the correctness of my supposition: 
in every case I found excavations in the lungs of various sizes, the 
consequence of the dissolution of tubercles, and all communicating 
with bronchial tubes of variable size. 

I found this peculiar phenomenon (which I have denominated 
pectoriloquy) to be more perceptible according to the density of the 
walls of the excavation and its proximity to the superfices of the 
lungs; and that it was most striking when these adhered to the 
pleura in such a manner as to render the thoracic parietes almost a 
part of the walls of the ulcerous excavation—a case of very frequent 
occurrence. 

This circumstance naturally led me to think that pectoriloquy is 
occasioned by the superior vibration produced by the voice, in parts 
having a comparatively more solid and wider extent of surface than 
the air-cells and small bronchial tubes; and I imagined that, if this 
were so, the same effect ought to result from the application of the 
cylinder to the larynx or trachea of a person in health. My con- 
jecture proved correct. There is an almost perfect identity of effect 
between pectoriloquy and the sound of the voice as heard through 
the tube resting on the larynx; and this experiment offers an ex- 
cellent means for giving us an exact notion of the phenomenon when 
we have not the proper subjects for observation. 

The sound of the voice in the different parts of the organs of respi- 
ration, and in the different conditions of these, in health and in 
disease, offers several important varieties which we shall now con- 
sider. Ina healthy lung it is very slight, whether examined by the 
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naked ear or stethoscope, being only a slight vibration analogous 
to that felt on applying the hand. I have already noticed the charac- 
ter of the voice on the larynx and trachea: it resounds strongly, 
traverses the tube of the stethoscope, and prevents the unarmed ear 
from hearing that issuing from the mouth. The same thing takes 
place over nearly the whole lateral surface of the neck, and even, 
in some individuals, towards the nape. On this account, in ex- 
amining the acromion region, we must remember the precautions 
stated when speaking of the exploration of the respiration in the 
same place. The natural resonance of the voice in the throat and 
nasal fossz is perceptible, more or less, over the whole surface of the 
head. In that portion of the trachea lying beneath the sternum it 
sounds loudly, but does not traverse the tube; on this account we 
must distrust doubtful pectoriloquy when it exists only about the 
upper portion of the sternum. 

Bronchophony.—The sound of the voice is, in most cases, 
still more obscure in the larger bronchial trunks at the roots of the 
lungs—that is, in the interscapular region; nevertheless, it is always 
somewhat louder in this place, especially about the upper and inner 
angle of the scapula, than in the other parts of the chest. It is, 
indeed, very rare for it to be perceived distinctly traversing the 
stethoscope in a perfectly healthy subject; but it is found to resound 
so loudly at its extremity as to be more readily heard through the in- 
strument than the voice issuing from the mouth is heard by the 
otherear. In persons, however, of a delicate and feeble frame, par- 
ticularly in lean children, there frequently exists in this situation a 
bronchophony very similar to the laryngophony already noticed. 

The sound of the voice is scarcely at all perceptible in the bronchi 
distributed through the lungs when these organs are healthy. This 
might be expected a priori, since the loose texture of the lungs, 
rendered still more rare by its intermixture with air, is a bad con- 
ductor of sound; and the softness of the bronchial branches, 
after they cease to be cartilaginous, renders them very unfit for its 
production; while the smallness of their calibre must render what- 
ever sound is produced more acute and weaker in them than in the 
larger trunks. But if any one of these adverse conditions is re- 
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moved, and, yet more, if several of them are so at the same time, the 
sound of the voice may become perceptible in the smaller bronchial 
tubes. Accordingly it is found that an attack of peripneumony, an 
extensive hemoptysical induration, or the accumulation of a great 
number of tubercles in the same point, by condensing the texture of 
the lungs, gives occasion to a sound analogous to pectoriloquy. 
This phenomenon, which I denominate accidental bronchophony, is, 
as might be expected, most marked when the pulmonary induration 
has place near the roots of the lungs. This sign is one of those 
which serve best to measure the progress of a recent peripneumony. 

The dilatation of the bronchi gives rise to the same phenomenon, 
and the more readily, because the substance of the lungs in the 
neighborhood of the dilated branches is often more compact than in 
the natural state. Sometimes two of the causes mentioned conspire 
to produce it; for instance, the cause just mentioned, and the ac- 
cumulation of tubercles. 

Bronchophony is rarely so like pectoriloquy as to deceive a 
person even of moderate experience. In the former the voice 
merely traverses the cylinder; its tone is somewhat like that of a 
speaking trumpet; and the sound is more diffused in its seat than 
pectoriloquy. Where any doubt exists, this is removed by the cough 
and the character of the respiration in the same point: neither of 
these has the cavernous character; we feel assured that the whole 
phenomena have for their site a series of tubes, and not a circum- 
scribed space. 

Pectoriloquy—This phenomenon may be produced under very 
different circumstances: (1) by the softening of tubercles (by far the 
most common cause); (2) by the decomposition of a gangrenous 
eschar; (3) by an abscess, the consequence of peripneumony; (4) 
by the evacuation of a cyst into the bronchi; and probably also by a 
fistulous communication between the bronchi and an abscess of the 
mediastinum. 

Pectoriloquy offers great varieties in respect of intensity and com- 
pleteness. I divided it into perfect, imperfect, or doubtful. 

Pectoriloquy is perfect when the transmission of the voice through 
the stethoscope is complete, and when it, as well as the corre- 
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sponding results obtained from the exploration of the cough and 
rhonchus, are exactly circumscribed: in this case it can never be 
confounded with bronchophony. It is imperfect when some one of 
those characteristics is wanting, and particularly if the transmission 
of the voice be not evident. It is doubtjul when the sound of the voice 
is very feeble, and when it can be distinguished from bronchophony 
only by the aid of other signs derived from the consideration of its 
site, the general symptoms, and the progress of the disease. ‘These 
last circumstances suffice, in almost every case, to enable us to dis- 
tinguish the nature of the excavation. 

The circumstances which concur to render pectoriloquy perfect 
are: the complete emptiness of the excavation, the increased 
density of the portion of lung which forms its walls, its ready com- 
munication with one or more bronchial tubes of a considerable size, 
and its proximity to the walls of the chest. It is proper to state, 
however, that whatever be the distance of the cavity from the surface 
of the lungs, if it possesses the other qualities indicated, it will always 
yield perfect pectoriloquy, unless, indeed, a very considerable 
thickness of healthy lung be interposed, which, owing to its defec- 
tive density, is necessarily a bad conductor of sound. The ex- 
tent of the excavation contributes also to the completeness of the 
phenomenon; it is most distinct when this is somewhat con- 
siderable; it is, however, often complete when the cavity is very 
small. On the other hand, pectoriloquy is sometimes very in- 
distinct where the excavations are very large—the size of the fist, 
for instance—and when they communicate with the bronchi by 
small openings.* It has several times been manifest to me that 
when the number of fistulous openings, by which a very large ex- 
cavation communicates with the bronchia, increases, pectoriloquy 
becomes less evident or ceases altogether. It disappears also in 
the two following cases, viz., when an excavation opens into the 
pleura, particularly if the opening is large and direct; and when its 
contents make their way through the walls of the chest into the 
cellular membrane outside. Pectoriloquy may likewise be some- 


* This fact may be explained on the principles of acoustics, and by a reference 
to certain musical instruments.—AUTHOR. 
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times suspended for several hours, and even days, by the temporary 
obstruction of the communication of the cavity with the bronchi 
by the matter contained in it. We shall hereafter point out the 
method of obtaining pectoriloquy, or other equivalent signs, in 
cases of this kind. 

Aigophony.—The phenomenon to which I have applied this 
name is, of all those furnished by auscultation, that which seems to 
me most complex in its causes. It may readily be confounded, by 
the inexperienced, with pectoriloquy; and still more so with bron- 
chophony. I was myself long guilty of this mistake; and al- 
though the distinction is easy when the respective characters of each 
are strongly marked, there occur cases in which this is hardly 
practicable. My uncertainty as to the nature of egophony was of 
longer duration, because it does not exist in every case of pleurisy; 
because the analogous phenomenon of bronchophony is still more 
frequently wanting in peripneumony; because these two diseases, 
and consequently the two phenomena in question, are frequently 
combined; and, finally, because the number of fatal cases of 
these diseases, more particularly of acute pleurisy, is too incon- 
siderable to afford many opportunities of verifying, by examina- 
tion after death, the accuracy of the diagnosis derived from aus- 
cultation.* 

Simple zegophony consists in a peculiar sound of the voice which 
accompanies or follows the articulation of words—it seems as if 
a kind of silvery voice, of a sharper and shriller tone than that of 
the patient, was vibrating on the surface of the lungs, sounding 
more like the echo of the voice than the voice itself. It rarely ap- 
pears to enter the tube of the instrument, and scarcely ever passes 
through it entirely. It has, moreover, another character, so con- 
stant as to lead me to derive from it the appellation of the phenome- 
non—I mean a trembling or bleating sound like the voice of a goat, 
a character which is the more striking because the key or tone of it 


* This assertion may seem strange to the practitioners who employ only bleed- 
ing and blisters in those diseases, but will be confirmed by the young physicians 
and students who have attended my clinigue since I have been in the habit of using 
tartar emetic in large doses.—AUTHOR. 
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approaches that of this animal’s voice. When egophony exists in 
the vicinity of a large bronchial trunk, particularly towards the root 
of the lungs, it is frequently combined with more or less of bron- 
chophony. The reunion of these affords numerous varieties, of 
which we may have a good idea by recollecting the following 
phenomena: (1) The sound of the voice through a metallic speak- 
ing trumpet or cleft reed; (2) that of a person speaking with a 
counter between his lips and teeth; (3) the nasal intonations of the 
juggler speaking in the character of Punch. This last comparison 
is frequently the most exact imaginable, particularly in persons 
whose voice is somewhat bass (grave). Very commonly, the same 
individuals who exhibit at the roots of the lungs this combination of 
the two phenomena yield simple egophony about the outer and 
lower edge of the scapula. 

The sort of bleating so characteristic of egophony seems, in 
most cases, immediately connected with the articulation of the words, 
although the patient’s true voice has nothing of the sort: sometimes, 
however, it seems unconnected with the articulation, so that we can 
hear, at the same time, yet separately, the simple sound of the voice 
and the bleating silvery sound of egophony; which last appears to 
be either nearer or more remote than the resonance of the simple 
voice. Sometimes, even, when the patient speaks slowly and in- 
terruptedly, we hear the bleating, like an imperfect echo, immedi- 
ately after the voice. These two last-named varieties have appeared 
to me to exist only in cases of slight effusion. To hear this sound 
properly we must apply the cylinder strongly to the patient’s chest, 
and place the ear gently on the other end. If the latter is forcibly 
applied, the bleating sound is diminished one-half, and the phenom- 
enon approaches nearer to bronchophony. 

In comparing the results of my early and more recent experience 
respecting egophony, it seems to me certain that it exists only in 
cases of pleurisy, either acute or chronic, attended by a moderate 
effusion in the pleura, or in hydrothorax or other liquid extravasa- 
tion in the same cavity. 

All the cases in which I have observed zgophony since I have 
been able to discriminate it from pectoriloquy and bronchophony 
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have, at the same time, afforded other undoubted signs of effusion 
into the chest. In the examples of pleurisy which I have been able 
to attend to from their commencement to their close I found it as 
early as the first hours of the attack; but it has never been observed 
strongly marked until the second, third, or fourth day, and hardly 
ever until after the sound of respiration has become almost or alto- 
gether imperceptible in the affected side, and until this has yielded 
the dull sound on percussion. I have observed egophony in every 
case of pleurisy which has come under my care during the last five 
years, except in a few very slight acute cases, where the effusion 
(as proved by the auscultation of the respiration and by percussion) 
was inconsiderable, and in those which did not come under my 
notice until far advanced and when they were in progress towards 
recovery. I have discovered this sign in cases where there did not 
exist above three or four ounces of fluid in the chest. Aigophony 
decreases and gradually disappears as the effusion is absorbed. In 
very acute cases it exists frequently two or three days only, and then 
totally disappears; in the chronic state of the disease with moderate 
effusion, I have found it sometimes continue for several months, with 
variations of intensity proportioned to the varying quantity of the 
effused fluid. When this is very great, particularly when it is 
sufficient to cause dilatation of the chest, egophony ceases entirely .. 
I have never observed it in old cases of empyema in which the lungs 
were compressed upon the mediastinum; but have detected it, in an 
imperfect degree, in certain cases where the pleura contained from 
two to three pints of pus and where the lungs were prevented from 
being quite removed from the side by previous adhesions. On the 
other hand, I have found that those cases which, when first seen, 
presented all the other signs of copious effusion except egophony, 
yielded this sign also when the dilatation of the side diminished, and 
the other symptoms indicated the partial absorption of the fluid. 
In two cases of empyema operated on by my direction in 1821 and 
1822 zgophony became much more manifest after the escape of a 
portion of the pus. 

ZEgophony is not like pectoriloquy, confined to one point, but 
extends over a certain continuous portion of the chest. Most fre- 
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quently it exists, at the same time, over the whole space between the 
scapula and spine, round the lower angle of the former bone, and in 
a zone from one to three fingers broad, following the line of the ribs 
from its middle to the nipple. This portion of the chest evidently 
corresponds with the internal parts where the effused fluid forms a 
thin layer on the surface of the lungs; it being well known that, in 
cases of moderate extravasation, the fluid collects principally in the 
lower part of the chest, when the patient is seated or resting on the 
back; and that, even in the cases where the whole surface of the 
lung is covered by it, the thickness of the layer progressively di- 
minishes from below upwards, and is always much less before than 
behind. In a very few instances I have detected sgophony, at 
the commencement of the disease, over the whole affected side; 
in two of these I ascertained, by examination after death, that this 
peculiarity depended upon the retention of the lung in partial ap- 
position with the chest, by means of pretty numerous adhesions, so 
that the lung became invested by a thin layer of fluid over its whole 
surface. In cases of this kind the sign in question is observable 
during the whole period of the disease. 

I consider zegophony to be owing to the natural resonance of the 
voice in the bronchial tubes, rendered more distinct by the compres- 
sion of the pulmonary texture, and by its transmission through a 
thin layer of fluid in a state of vibration. This opinion is sup- 
ported by many facts and reasons. The points where it is constantly 
found correspond with the upper border of the fluid and where it 
is of least thickness. Moreover, if the patient turns on his face, the 
sound either disappears or is greatly diminished between the scapula 
and spine, while it continues on the side; and if he turns on the 
healthy side, the same result is obtained in the diseased side, now 
the uppermost. In respect of the influence of change of position 
upon this phenomenon, I have observed that the change was much 
less in cases where the quantity of fluid was either somewhat above 
or below the mean, than when it was of middling extent. The 
places formerly mentioned as yielding most distinct egophony are 
those where the bronchial tubes are the largest and most numerous. 
This tends to confirm the truth of the opinion above stated, as 
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well as the fact of the cessation of the sign when the effusion be- 
comes very copious, and its return on this being diminished: in the 
former case it is evident that the bronchi, as well as the lungs, must 
be compressed, while in the latter, they must be the first to recover 
their natural shape on account of their superior elasticity. The 
following circumstance, which I have now and then observed, leads 
to the same conclusion. In cases where zgophony was very strongly 
marked in the zone formerly mentioned, and where auscultation of 
the respiration, percussion, and the general symptoms clearly 
indicated an effusion, I have remarked from day to day the follow- 
ing changes take place in respect of this sign, and precisely at the 
same moment that the other signs just enumerated gave evidence 
of the progressive absorption of the fluid: it had become less loud 
everywhere; it had lost three inches in extent, reckoning from above 
downwards, in the interscapular region, and one inch on the side, 
and had entirely disappeared in front; while, on the other hand, it 
had become very distinct, though not loud, over the whole inferior 
parts of the side and back, where it did not exist at all on the preced- 
ing day. These changes, I think, indicated the recession of the fluid 
from the upper parts and its diminution in the lower. In fact, 
I am of opinion that this phenomenon only exists when the lung is 
enveloped with a thin layer of fluid; and that in the instances just 
mentioned it became perceptible on the lower parts of the chest, only 
because the quantity of this had diminished. This opinion is 
further rendered probable by the fact of the respiration being always 
very distinct in the places where egophony exists, while it is not ob- 
served at all or very feebly below these places; and, by the addi- 
tional observation, that when the egophony descends, as above 
mentioned, the respiration becomes stronger in the points which it 
leaves, and reappears in those which it now occupies. I have al- 
ready stated that in cases of very copious effusion there is usually no 
zegophony, or if it exists at all, it is only near the roots of the lungs, 
a situation where the fluid is necessarily less than anywhere else. 
It will be difficult to fix, more precisely than I have now endeav- 
oured to do, the exact relation between the bronchi and the thoracic 
effusion which gives rise to egophony. This will be the more 
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difficult on account of the small number of cases that prove fatal 
during the existence of this phenomenon. When death occurs from 
pleurisy, the effusion is generally very abundant, and xgophony 
has, therefore, disappeared. In looking for assistance from morbid 
anatomy, in this instance, we are, therefore, reduced to the very 
small number of cases that prove fatal from some concomitant 
disease, at the very time when the patients happened to be affected 
with pleurisy in that stage wherein egophony exists. 

I made an experiment with the view to ascertain the effect of an 
interposed fluid in modifying the voice to the character it possesses 
in egophony, by applying a bladder, half filled with water, between 
the scapule of a young man who presented a well-marked natural 
bronchophony in this point. In this case it appeared to myself and 
several persons present that the voice, as transmitted through the 
liquid, became more acute, and also slightly tremulous, although 
less decidedly so than in real egophony. The same experiment 
tried over the larynx gives a similar result. 

It seems probable that the compression of the bronchial tubes by 
the pleuritic effusion contributes a good deal to the production of 
this phenomenon; since this must bring them into a form analo- 
gous to the reeds of certain wind instruments, such as the oboe and 
bassoon, which have something of the bleating sound of egophony. 
This alteration of form, however, will not of itself account for the 
phenomenon without the presence of fluid, else it would exist in 
cases of contraction of the chest subsequent to pleurisy, which is 
notafact. It would also be found in many cases of phthisis, where- 
in tubercles frequently compress the bronchi in the most decided 
manner. 

I think there are only three cases of pleurisy in which this phe- 
nomenon will not be observed; these are: (1) Where a very rapid 
and copious effusion has suddenly compressed the lung against the 
mediastinum; (2) where a former attack of the same disease has 
firmly attached the posterior parts of the lung to the pleura; and 
(3) where there is hardly any liquid extravasation, but the forma- 
tion, simply, of false membranes. This last case is very rare; and, 
besides, I have found egophony where not more than two or three 
ounces of fluid existed. 
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From the preceding observations I think we are entitled to con- 
clude that zgophony is a favourable sign in pleurisy, as it seems 
uniformly to indicate a moderate degree of effusion. Its continu- 
ance forsome time is a favourable omen, as showing that the effusion 
does not increase; if it continues as long as the fever, or longer, we 
may be assured that the disease will not become chronic, as this 
never happens except when the effusion is extremely abundant. I 
have frequently drawn this prognostic, and have never been de- 
ceived in it. In every case where I have seen acute pleurisy ter- 
minate in chronic this phenomenon has ceased, or been much 
lessened, previously to the decrease of the febrile symptoms. 

gophony, like pectoriloquy, is sometimes suspended for a 
longer or shorter time, reappearing after the patient has coughed or 
expectorated. But this happens much less frequently in the case of 
the former, as might be expected from the comparatively small 
bronchial secretion in pleurisy. 

Some physicians have lately fancied that they have met with 
zgophony in cases of simple peripneumony without any pleuritic 
effusion; but I have no doubt they mistook bronchophony for it. 
It must be admitted that the two phenomena are likely to be con- 
founded; I shall, therefore, in this place, compare them with each 
other, as well as with pectoriloquy: 

1. Pectoriloquy being, in the great majority of cases, owing to the 
presence of tuberculous excavations, is almost always met with in the 
upper lobes. In whatsoever part, however, it may exist, it will al- 
ways be readily distinguished by the accompanying cavernous 
rhonchus, respiration, and cough. In certain rare instances, namely, 
where the excavation is of a flattened shape with rather solid 
walls, pectoriloquy may assume something of the vibratory character 
of egophony; but it will almost always be distinguished from it 
by the exact circumscription of the sound to a small space, by its 
situation, and by the consideration of the accompanying phenomena. 

2. Bronchophony, being caused by the simple induration of the 
substance of the lungs, does not yield the clear transmission of the 
voice through the tube, except at the roots of the lungs. The 
sphere of this phenomenon is always over a certain extent, and no 
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one small point can be said to be its exclusive site. The same is 
true of the respiration and cough; the former is frequently found to 
be bronchial, and the latter to give the mucous rhonchus, but they 
are diffused over a certain space, and not, like those which are 
observed in cases of pectoriloquy, confined within a circumscribed 
spot. Bronchophony is less readily suspended than pectoriloquy, 
but more frequently than egophony, for obvious reasons, depending 
on the relative condition of the bronchial secretion in the diseases 
in which each especially occurs. Finally, the tone or key of the 
speaking trumpet completes the list of the distinctive characters of 
bronchophony. 

3. True and simple egophony is characterised by the harsh, 
tremulous, silvery tones of the voice which is commonly more acute 
than the natural voice of the patient, and seems to be quite super- 
ficial, and to float, as it were, on the surface of the lungs, instead of 
coming from the interior, like pectoriloquy and bronchophony. It 
seems, moreover, to be rather the echo of the voice, repeating the 
words or their final syllables, in a small sharp and tremulous key, 
than the voice itself. This character of egophony is especially 
marked when it exists in the anterior and lateral parts of the chest; 
since between the scapule and at their lower edge (to which situa- 
tion, by the way, it is most commonly restricted) it is almost al- 
ways conjoined with the natural bronchophony, rendered stronger 
by the compression of the lungs in that part. And it is here, in the 
space between the inner edge of the scapula and the spine, and 
in this part only, that we occasionally perceive the bleating zego- 
phonic voice completely traversing the tube, with the most perfect 
resemblance of the squeaking of Punch. Agophony and bron- 
chophony are necessarily conjoined in cases of pleuro-peripneu- 
mony; and, indeed, pectoriloquy may co-exist with them when an 
abscess of the lung supervenes. 

When I published the first edition* of this work I was not quite 
sure that egophony might not exist in simple peripneumony: 
farther experience, however, has completely convinced me that this 

* See foot-note, p. 157.—(C. N. B. C.) 
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cannot be the case. Whatever analogy there may be between this 
phenomenon and bronchophony, it is easy to distinguish them when 
they exist separately; and an experienced ear may recognise them, 
in most cases, when they co-exist in pleuro-peripneumony. Cer- 
tain cases, however, will always be doubtful; and when it is so, we 
must be contented with the portion that is certain. The following 
positions seemed proved: (1) That egophony exists in simple 
pleurisy, and in no case with more decided characters; (2) that 
bronchophony exists frequently in peripneumony, and with features 
sufficiently well marked to distinguish it from egophony; (8) that 
both these co-exist in certain cases of pleuro-peripneumony. 

When we meet with cases where the results obtained from per- 
cussion and the auscultation of the respiration leave reason to doubt 
as to the existence of pleurisy or peripneumony, if we find egophony 
very complete and little mixed with bronchophony, we may conclude 
that the disease is exclusively the former, or nearly so; and, on the 
other hand, if the bronchophony is strongly marked, and with 
merely a shade of the stuttering cracked note of egophony, we may 
decide upon peripneumony being the chief disease, conjoined, prob- 
ably, with a slight pleuritic effusion. We may even conclude 
against the existence of any effusion if the characteristics of 
zegophony are observed only at the inner border of the scapula. 

I have dwelt the longer upon these distinctions because they form 
perhaps the most difficult point in auscultation, and particularly 
because egophony is the only one among the stethoscopic signs 
whose value has been called in question by competent judges. 
Cases of simple peripneumony, in which egophony was supposed to 
exist, have been communicated to me by several of my colleagues 
and by many pupils. All these, as far as I had the means of ascer- 
taining, were examples of bronchophony mistaken for egophony, or 
a mixture of the two. In like manner I am constantly meeting 
with cases in the hospital where the two phenomena are con- 
founded by the pupils; but when I have pointed out the distinction 
between them, and they have acquired more experience, they 
hesitate only in cases which are really doubtful. 
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SECTION III 
AUSCULTATION OF THE CouGH 


Coughing in a healthy state of the lungs excites no particular 
sound within the chest. When we listen with the cylinder on the 
larynx or trachea, and at the roots of the lungs where the chest is 
narrow, besides the shock communicated by the act of coughing we 
hear, at the same time, a sound as of the transmission of air in a tube. 
When the lungs are inflamed to the degree of hepatization, this pecu- 
liar sound becomes more manifest at the root of the lungs, and even 
in the bronchial tubes, not larger than a goose-quill, than it is in the 
trachea in a state of health; I, therefore, shall designate it twbary 
cough.* This cough is found also in cases of pleurisy, but at the 
roots of the lungs only. It exists equally in cases of dilatation of the 
bronchi, and may serve as a test of the degree of dilatation. Where 
there exists an excavation in the lungs communicating with the 
bronchi, the cough resounds in it as it does in the larynx, but is con- 
fined to a small space; it also gives rise to the cavernous rhonchus, 
and more readily than simple respiration does, particularly if there 
is still much matter contained in it, and not in a very liquid state. 
If the excavation is empty, this emptiness is indicated by the 
cavernous cough, better than any other phenomenon. Coughing 
gives also, in certain cases, the metallic tinkling, when it is not per- 
ceptible by the respiration or voice. When pectoriloquy is sus- 
pended in a tuberculous excavation, from obstruction of the 
bronchi by the sputa, coughing restores it by the expulsion of these, 
or excites the cavernous rhonchus, which is of the same import as a 
diagnostic sign: it clears in like manner the fistulous communica- 
tions between the pleura and bronchi. In the excavations, where 
the tuberculous matter has only begun to be softened, and in the 
incipient abscess of peripneumony, while simple respiration is still 
unable to excite any rhonchus, coughing will often give a very strong 


* Andral and Corvisart recommended “bronchial” instead of “tubary,” a term 
now universally employed.—C. N. B. C. 


AUSCULTATION AND THE STETHOSCOPE 191 


guggling. And it may be stated as a general truth that all the sounds 
to be described in the next section are more audible during the act 
of coughing than during simple respiration. However, in deducing 
our indications from the auscultation of the cough, certain precau- 
tions are necessary. Sometimes a violent cough seems rather to 
close than open the pulmonary channels, producing a great com- 
motion of the lungs and walls of the thorax without giving rise to 
any guggling. At other times, in timid patients, the cough seems 
confined to the throat, and excites no resonance in the bronchi.* 
One of the cases where this intentional cough is most useful is in that 
variety of the dry catarrh wherein the respiratory sound is inaudible 
under ordinary circumstances. Here the act of coughing, which, 
as we have formerly observed, is always either preceded or followed 
by a powerful inspiration, enables us to hear the sound of respira- 
tion, and thereby to judge of the condition of the lungs. The same 
measure is equally valuable in incipient peripneumony, especially 
if grafted on a chronic dry catarrh. In this case percussion elicits 
a sound which is either doubtful or delusive, and common respira- 
tion is inaudible; but the cough restores the respiratory murmur 
whenever the lungs are permeable, and enables us to detect the 
crepitous rhonchus, the pathognomonic sign of incipient peri- 
pneumony. 

It is proper to observe that we ought not to have recourse to the 
factitious cough as a means of exploration, except where simple 
respiration is insufficient, as it may fatigue our patients. At the 
same time I may add that its inconveniences, in this respect, are less 
than may be imagined; as one single cough, and that rather 
moderate than otherwise, is sufficient to afford to an experienced 
observer all the signs which this phenomenon is capable of yielding. 


* In this latter case we desire the patient to cough after taking a deep inspira- 
tion.—AUTHOR. 
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SECTION IV 


AUSCULTATION OF SOUNDS NOT NECESSARILY ACCOMPANYING THE 
RESPIRATION AND VOICE 


Various sounds, foreign to the natural respiratory murmur or 
resonance of the voice, may arise within the chest from various 
accidental causes: I shall class these under two heads—the rhonchus 
and metallic tenkling. 


I. Of the different kinds of rhonchus* 


For want of a better or more generic term I use the word rhon- 
chus to express all the sounds, besides those of health, which the act 
of respiration gives rise to, from the passage of the air through 
fluids in the bronchi or lungs, or by its transmission through any of 
the air-passages partially contracted. These sounds likewise ac- 
company the cough, and are made even more perceptible by it; 
but in most cases the auscultation of the respiration suffices for their 
exploration. They are extremely various; and although they pos- 
sess, in general, very striking characters, it becomes difficult so to 
describe them as to convey anything like a correct notion to those 
who have never heard them. Sensations, we know, can only be 
communicated to others by comparisons; and although those which 
I shall employ may seem to myself sufficiently exact, they may not 
be so to others. I expect, however, that my description will enable 
any observer of ordinary application to recognise them when he 
meets with them, as they are much more easily distinguished than 
described. 

We can distinguish five principal kinds of rhonchi: (1) The 
moist crepitous rhonchus, or crepitation; (2) the mucous rhonchus, 
or guggling; (3) the dry sonorous rhonchus, or snoring; (4) the dry 
sibilous rhonchus, or whistling; (5) the dry crepitous rhonchus, 
with large bubbles, or crackling. 


* See foot-note, p. 167.—(C. N. B. C.) 
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1. The moist crepitous rhonchus has evidently its site in the 
substance of the lungs. It resembles the sound produced by the 
crepitation of salts in a vessel exposed to a gentle heat, or that pro- 
duced by blowing into a dried bladder, or it is still more like that 
emitted by the healthy lungs when distended by air and compressed 
in the hand, only stronger. Besides the sound of crepitation, a 
sensation of humidity in the part is clearly conveyed. We feel that 
the pulmonary cells contain a watery fluid as well as air, and that 
the intermixture of the two fluids produces bubbles of extreme 
minuteness. 

This species of rhonchus is one of the most important, and, for- 
tunately, it is most easily distinguished, a single observation being 
sufficient to mark it ever after. It is the pathognomonic sign of the 
first stage of peripneumony, disappearing on the supervention of 
hepatization, and reappearing with the resolution of the inflamma- 
tion. It is found also in edema of the lungs, and sometimes in 
pulmonary apoplexy, but in these two cases the bubbles usually seem 
to be somewhat larger and moister than in the rhonchus of peri- 
pneumony. ‘This variety I call subcrepitous. 

2. The Mucous Rhonchus.—This is produced by the passage 
of the air through sputa accumulated in the bronchi, or through the 
softened matter of tubercles yet undischarged. It presents many 
varieties of character,which can hardly be defined, and of which, in- 
deed, we can only form any notion by comparing the perceptions 
derived from the sense of hearing with such as we fancy might be 
conveyed by the sense of sight. In listening to it we receive the 
impression or idea of bubbles, such as are produced by blowing 
through a pipe into soapy water. The ear seems to appreciate 
most distinctly the consistence of the fluid which forms the 
bubbles, and also their varying sizes. 'The consistence of the 
fluid appears always greater in the mucous than in the crepitous 
rhonchus. 

In respect of the size of the bubbles in the different rhonchi they 
may be estimated as very large, large, middling, small. The last 
term is especially applicable to the crepitous rhonchus of peri- 
pneumony, in which it seems as if an infinity of minute, equal- 
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sized bubbles, formed at once, were thrilling or vibrating, rather than 
boiling, on the surface of a fluid. The mucous rhonchus, on the 
contrary, appears always larger, and most usually unequal, so as to 
convey the idea of a liquid into which some one is blowing, and 
thereby producing bubbles, of which some are of the size of a filbert, 
and others only as large as a cherry-stone or hempseed. We can 
estimate the quantity as well as the size of the bubbles, and may 
thus designate the rhonchus as abundant or rare. Accordingly, it 
sometimes seems that the point of lung beneath the stethoscope is 
filled with bubbles that touch each other; and at other times there 
seems to be only one here and there, while the intervening portion of 
lung yields the simple sound of respiration, or yields no sound at all, 
as the case may be. When the mucous rhonchus is very large and 
infrequent we can distinctly perceive the bubbles form and burst. 
When it exists at once copious, large, and constant, it is sometimes 
so noisy as to resemble the rolling of a drum. 

A variety of the mucous is the tracheal rhonchus. It is observed 
when there is accumulated much mucus or other sputa in the larynx, 
trachea, or larger bronchial tubes, and may be readily heard by 
the unassisted ear, as in the case of the dead-rattles of the vulgar, 
from which I have derived the general appellation of the phenome- 
non. ‘This species, or rather variety, may exist without there being 
any other perceived in the bronchi by the stethoscope; but the 
reverse of this is much more common, namely, that the instrument 
conveys to us a rhonchus, even a very loud one, when we perceive 
nothing by the unassisted ear. When examined by the cylinder, 
this rhonchus, which has its seat in the trachea, has almost always 
the character of the mucous rhonchus described above. The 
bubbles seem to be extremely numerous and very large. The 
sound is occasionally so loud as to resemble a drum or the noise of 
a carriage on thepavement. In these cases the rhonchus is perceived 
over the whole sternum, and is accompanied by a vibration very 
perceptible to the touch; we can even sometimes perceive it over the 
whole chest and through the interposed lung. In this last case, 
however, there is no vibration attending it, and we recognize, at 
once, that the sound originates in a remote point. This variety 
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of rhonchus is sometimes so noisy as to mask the sound of the 
heart’s action, and also of respiration, over a great portion of 
the chest; and in all cases where it exists in a certain degree of 
intensity we are unable to perceive the heart’s pulsations under 
the sternum unless we request the patient to suspend respiration 
for a moment. 

The tracheal rhonchus is only observed in this great degree in 
violent hemoptysis, and in the severer paroxysms of the mucous 
catarrh of old persons, termed suffocative catarrh. It is found in 
most dying persons, particularly in cases of phthisis, peripneumony, 
diseases of the heart, and severe idiopathic fevers. In all cases, 
when it exists in a high degree, it may be regarded as of evil omen. 
In a lesser degree it exists in the acute pulmonary catarrh, in the 
severe cases of the chronic mucous catarrh, and in all diseases 
complicated with these. It may be reckoned as one of the worst 
symptoms which appear in fever. In concluding this notice of the 
tracheal rhonchus it ought to be observed that when too slight to 
be heard by the naked ear, it becomes very manifest on applying 
the stethoscope. 

The mucous rhonchus, properly so called, exists principally in 
the pulmonary catarrh with copious secretion of mucus, and in 
hemoptysis, and often also in peripneumony and phthisis. In the 
two former diseases it is caused by the transmission of air through 
the mucus or blood contained in the bronchi; in the two latter, it 
may have its seat in the same place, but it may also originate in 
cavities produced by an abscess or eschar of the lungs, or by softened 
tubercles: In the latter cases the rhonchus has a peculiar char- 
acter which I shall denominate cavernous. It is more than usually 
abundant and large, and is confined also to a small space, within 
which we commonly observe, at the same time, both the cavernous 
respiration and pectoriloquism. It is more especially during the 
act of coughing that we detect this circumscribed or cavernous 
rhonchus. On some occasions we can even distinguish the con- 
sistence of the fluid contained in the excavation by means of the 
particular impulse communicated by the cough. 

In certain rare instances the mucous rhonchus may be recog- 
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nized, or at least suspected, independently of auscultation, either 
mediate or immediate. I have sometimes noticed, while percuss- 
ing the clavicle or neighbouring parts of the chest, in phthisical cases, 
a sort of vibration like that yielded by a cracked pot when gently 
struck, accompanied with an evident hollow resonance, and even 
with a humid crepitation or guggling. ‘The phenomenon indicates 
the presence of tuberculous excavations near the surface of the lungs. 
It is, however, by no means common, and has only been observed 
in subjects with very thin elastic chests, and, perhaps, with the 
clavicular ligaments more than usually lax. Some of these patients 
are themselves conscious of the guggling of the tuberculous matter 
during percussion; and others can point out the seat of the exca- 
vation from the sensation occasioned by the detachment of the 
sputa from it during expectoration. ‘This last circumstance is, 
however, very uncommon. 

I have sometimes also perceived in tuberculous excavations of the 
upper lobes a mucous rhonchus, or slight guggling, correspénding 
with, and no doubt caused by, the pulsation of the subclavian 
artery. This case is extremely rare, as indeed it must be, when we 
consider the numerous circumstances that must conspire towards its 
production. In an equally rare class of cases a strong mucous or 
cavernous rhonchus can sometimes be perceived by the naked ear, 
or on applying the hand to the part. I do not here allude to the 
guggling rhonchus of the trachea or the bronchi already noticed, 
but to one confined to a small space, and this often at a distance from 
the larger bronchial tubes. I have observed this phenomenon only 
in cases where the matter of an excavation had made its way 
through the walls of the chest, and formed a tumour beneath the 
skin; or where it had escaped into old cellular adhesions uniting 
the lungs to the chest; or, finally, where a large anfractuous ex- 
cavation, half full of matter, lay near the surface of a lung closely 
united to the walls of the chest. * 

* Sometimes when the sound of respiration is suspended or very weak, the bub- 
bles of the mucous rhonchus become very small, few in number, and not perceptible, 
except on a deep inspiration; at other times, when the respiration is pretty good, 
it is found not to be pure or clear. An inexperienced auscultator might be apt to 


confound these varieties (which may be named obscure) with a weak, crepitous 
rhonchus.—AUTHOR. 
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3. The Dry Sonorous Rhonchus.—This is more variable in its 
character than the two preceding kinds. It consists in a flat (grave) 
sound, sometimes extremely loud, resembling at times the snoring 
of a person asleep, at other times the sound produced by friction 
on a bass string, and occasionally the cooing of the wood-pigeon. 
This resemblance is sometimes so striking that we might be tempted 
to believe the bird concealed under the patient’s bed. This last 
variety of sound is commonly confined to a small space. I have 
sometimes observed it in cases of pulmonary fistule of a middling 
size, and also in cases of dilated bronchi. I apprehend it can 
hardly exist in bronchial tubes of a small diameter. We must not 
confound the sonorous rhonchus with the guttural sounds formerly 
mentioned, which, unlike this, have their seat in the fauces, as may 
be ascertained by the application of the stethoscope. 

It is difficult to ascertain the precise cause of this species of rhon- 
chus. Neither the character of the sound nor the examination of 
the parts after death leads to the belief that it depends on the pas- 
sage of the breath through any kind of matter. On the contrary, it 
would seem to depend rather on some alteration in the shape of the 
tubes through which the air passes, and I am disposed to attribute it - 
in most cases to the contraction, from some cause or other, of the 
origin of a bronchial branch. This contraction may be either per- 
manent or temporary, and may be occasioned by the pressure of 
an enlarged gland or of a circumscribed spot of inflammation, the 
presence of a tenacious clot of mucus, or the local thickening of the 
mucous membrane. It may not be easy on these grounds to ex- 
plain the reason of the key of the sound being flatter instead of 
sharper, as might be expected from the contraction of the aperture; 
but we have an analogous case in the thickening of the membrane 
of the larynx and glottis in catarrh, when the voice, as we know, be- 
comes hoarse and flatter than natural. 

4. The Dry Sibilous Rhonchus.—This is also of very various 
character. Sometimes it is like a prolonged whistle, flat or sharp, 
dull or loud; sometimes it is very momentary, and resembles the 
chirping of birds, the sound emitted by suddenly separating two 
portions of smooth oiled stone, or by the action of a small valve. 
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The different kinds often exist together in different parts of the lungs 
or successively in the same part. The peculiar nature of the sound, 
and the appearances on dissection, seem to prove the sibilant rattle 
to be owing to minute portions of very viscid mucus obstructing, 
more or less completely, the small bronchial ramifications. This ex- 
planation applies more especially to the variety resembling the sound 
of a valve, which is, indeed, only a variety of the mucous rhonchus; 
the kind more strictly sibilous is probably occasioned rather by a 
local contraction of the smaller bronchi from thickening of their 
inner membrane. 

5. The Dry Crepitous Rhonchus, with Large Bubbles.——This 
species is observed only during inspiration. It conveys the im- 
pression as of air entering and distending lungs which had been 
dried,—and of which the cells had been very unequally dilated,— 
and entirely resembles the sound produced by blowing into a dried 
bladder. 

This variety is the pathognomonic sign of emphysema of the 
pulmonary substance and of the interlobular emphysema. In the 
last disease it is much more distinct. We have a sound like this in 
the common subcutaneous emphysema, on pressing interruptedly 
with the ear on the stethoscope, or with the fingers, in the vicinity 
of the affected part. 

Besides the peculiar sound produced by the various species of 
rhonchus, there is also to be noticed a slight vibration communicated 
to the cylinder when the seat of the phenomenon happens to be 
immediately beneath it. This sensation, like that occasioned by 
the voice, may sometimes be felt by the hand very distinctly. It is 
usually very strongly marked in the mucous and sonorous rhonchi, 
less in the crepitant, and still less in the sibilous. When the rhon- 
chus has its seat remote from the point where the instrument rests, 
although it is heard very strongly, no vibration is felt; and when this 
can be discovered in no point of the surface of the chest, we may 
conclude that the cause of the rhonchus exists in the central parts 
of the lungs. This distinction may appear subtile, but I can assure 
the reader that it is one very easily made; and that a very little ex- 
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perience will enable any one to ascertain the distance of the rhon- 
chus from the point of exploration. 

Some of the species of rhonchus, especially the mucous and 
crepitous, cannot be distinguished at the distance of one or two 
inches from their site. The other kinds may frequently be per- 
ceived through the whole width of the chest, and are thus often com- 
bined with the former. In this manner, while we perceive a mu- 
cous rhonchus on one side of the chest, we may at the very same 
instant hear a dry sonorous rhonchus, which has its seat in the 
opposite lung. This complication is, however, very easily distin- 
guished from a simple mucous rhonchus, however noisy. 

From the very striking and conspicuous characters of the various 
rhonchi described it might be imagined that they would furnish 
some of the most valuable of our diagnostic signs. Taken 
singly, however, they are very inferior in this respect to the data 
supplied by auscultation of the respiration and the voice. Con- 
joined with other signs they become extremely valuable; the two 
crepitous rhonchi, and also and more especially the cavernous, are 
frequently more certain than any other of our signs. 


II. Of the metallic tinkling 


This phenomenon consists of a peculiar sound which bears a 
striking resemblance to that emitted by a cup of metal, glass, or 
porcelain, when gently struck with a pin, or into which a grain of 
sand is dropped. This sound does not at all depend on the nature 
of the materials of which the stethoscope is composed: it is per- 
ceived during respiration, speaking, and coughing; but is much 
more perceptible during the two latter than the former. The re- 
verse of this is, however, sometimes the case. It is, in general, 
heard in a most striking manner during coughing; and when in any 
degree doubtful, this action ought to be performed. 

The metallic tinkling produced by the voice differs according as 
pectoriloquy exists or not. In the former case the tinkling, as well 
as the voice, traverses the tube; in the latter, we merely hear 
within the chest a slight sharp sound like that occasioned by the 
vibration of a metallic cord touched by the finger. 
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The metallic tinkling always originates in a morbid excavation 
within the chest, containing partly air and partly liquid. It 
exists only, therefore, in two cases—viz., where a serous or purulent 
effusion co-exists with pneumo-thorax; or when a large tuberculous 
excavation of the lung is only partly filled with very liquid pus. It 
is further necessary, for the manifestation of this phenomenon, in 
cases of empyema or hydrothorax complicated with pneumo- 
thorax, that the cavity of the pleura should communicate directly 
with a bronchial tube by means of a fistula, such as has place when 
a tuberculous vomica, abscess, or eschar of the lungs opens into the 
chest. This sign may, on this account, be considered as pathogno- 
monic of this triple lesion. From it we may also further have an 
idea of the size of the fistulous perforation, as well as of the relative 
proportion of air and liquid in the chest, since the phenomenon is 
more distinct according as the fistula is larger; while the extent of 
the vibrations of the sound corresponds with the extent of the 
spaces occupied by the air.* 

Sometimes the tinkling assumes another character, and strikingly 
resembles the sound produced by blowing into a flask or bottle. 
This, like the tinkling, is equally produced by the cough, voice, or 
respiration; and in some cases the tinkling accompanies one of these 
and the buzzing of the other. I have named it from analogy, 
utricular buzzing, or amphoric resonance (bourdonnement amphor- 
aque). ‘This sound sometimes co-exists and sometimes alternates 
with metallic tinkling. Where the resonance or buzzing exists 
alone, or much more frequently than the tinkling, I have 
been led to attribute it either to there being more than one fistulous 
opening, or to the cavity in which it originates being very large, and 
containing only a very small quantity of liquid.+ 


* This may also be very exactly done by means of auscultation and percussion; 
the latter gives the sound of great emptiness, intermixed now and then with tink- 
ling. I conceive that the phenomenon will be less distinct when the liquid is in 
very small quantity than where it is in more equal proportion with the air.—AuTHOR. 

} The metallic tinkling is also sometimes heard independently of the voice, cough, 
or respiration; namely, when a patient affected with pneumo-thorax with liquid 
effusion is placed in the sitting posture, and some of the fluid which still adheres 
to the upper part of the cavity falls in drops into that beneath.— AUTHOR. 
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I had long suspected that the metallic tinkling and amphoric res- 
onance would be heard after the operation of empyema, but it was 
not till April, 1822, that I was enabled to verify my conjecture, in 
the case of a patient who had been operated on about a month before. 
When an injection was thrown in by the wound, the fall of the liquid 
upon that previously in the cavity of the chest produced a well- 
marked tinkling. The stethoscope did not detect any respiratory 
sound in the part affected, but the entrance and escape of the air 
through the wound gave rise to an extremely distinct utricular buzz- 
ing. Upon plugging the wound a slight and dull hissing, occasioned 
by the passage of the air by the side of the tent, was only heard; 
but when the patient spoke, a distinct tinkling was perceived. This 
last fact would seem to show that a large communication with the 
external air converts the tinkling into simple buzzing. It is worthy 
of note in this case that there was no fistulous communication be- 
tween the pleura and bronchi, and consequently that the tinkling 
sound could only be produced by the vibration occasioned by the 
resonance of the voice in the lung, which latter, it is further to be 
observed, was greatly compressed and covered with a strong false 
membrane. The metallic tinkling and utricular buzzing never 
exist unless when the air in the pleura communicates with the 
bronchi, except in the rare case mentioned in the note.* 

I expect that future observations will discover other phenomena 
foreign to those naturally produced by the respiration, cough, and 
action of the heart, and which may prove useful signs in particular 
cases; yet I think it probable that such signs will be few in num- 
ber, since, in the period that has elapsed since the publication of my 
first edition, my own researches, as well as those made in all the 
hospitals of Paris by a great many physicians and pupils, have dis- 
covered only a single one of the kind. I owe this to Dr. Honoré, 
who first perceived it in a case of pleuro-peripneumony in the spring 

* There is a phenomenon of no value as a sign, but which an inexperienced 
observer might perhaps mistake for the metallic tinkling. If one percusses the 
chest at the same time that the stethoscope is applied, more especially close to the 
instrument, we perceive a sort of metallic clicking very like that produced by the 


handling of firearms in the military exercise. The same is sometimes perceived, 
in a less degree, during coughing.—AUTHOR. 
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of 1824, and afterwards in June of the same year. This latter 
patient I saw, and made the following observations on his case: 
the sound of respiration was feeble over the whole chest, and nearly 
extinct in the inferior part of the left side, which had been the seat 
of the effusion. On applying the stethoscope on the fourth rib, 
about three inches from its cartilaginous portion, I perceived a dull 
sound, such as would be produced under the stethoscope by the 
friction of the finger against a bone, and further conveying the sen- 
sation as of a body rising and falling, and at the same time rubbing 
somewhat harshly against another. ‘The site of the phenomenon 
was evidently very close to the walls of the chest. It was only very 
distinct when the inspirations were deep; and at these times not only 
was the patient sensible of the circumstance, but it was perceptible 
to us on applying the hand over the part. I have since observed the 
same thing in twelve or fifteen cases, under different circumstances, 
and have been able to ascertain its most frequent cause. In most 
cases, then, this phenomenon (which I shall call the sownd of 
friction of ascent and descent) is occasioned by the interlobular em- 
physema of the lungs. ‘Together with the crackling rhonchus, or 
dry crepitous rhonchus with large bubbles, it is indeed the pathogno- 
monic sign of this lesion; and, as will be seen hereafter, may offer 
many varieties of character. 

In passing in review all the known lesions of the lungs and pleura, 
there is one other which might possibly give occasion to this sound 
of friction—the existence, namely, of a cartilaginous, bony, tuber- 
culous, or other indurated tumor projecting from the surface of the 
lung. This is, however, a mere conjecture; but should it prove 
true, it is probable that the case in question would be readily dis- 
tinguishable from emphysema, firstly, because it would present none 
of the other signs of the last-mentioned disease; and, secondly, 
because, owing to the accompanying humidity of the surfaces, the 
resulting sounds would be duller and softer. 

As the exploration of the heart and large vessels affords only 
diagnostic signs in the diseases of these organs, I shall defer the 
notice of this branch of auscultation until I come to treat of them, 
and I shall transfer to the Appendix the application of the method 
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to the diagnosis of several cases unconnected with diseases of the 
chest. 
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Jenner was born in Berkeley, Gloucestershire, England, May 17, 
1749. At nineteen years of age, after receiving a general education, 
he served apprenticeship under a country physician at Sodbury 
near Bristol. When thus engaged (1768) a young country woman 
applied to him for medical advice. In questioning her regarding 
smallpox she observed, “I cannot take that disease for I have 
had the cow-pox.” Though this was a theory commonly accepted 
among country folk, it never had gained the least credence among 
physicians. Living in a farming district, Jenner must often have 
heard this rumoured about; but the particular instance here 
recorded marks the time when he first considered seriously its 
scientific possibilities, which he did not fully realize till nearly 
twenty-five years later. In 1770 he went to London to complete 
his medical studies at St. George’s Hospital. While in London 
he lived at the house of John Hunter. ‘The association with this 
great man exerted a lasting influence upon Jenner, and the friend- 
ship thus begun continued till Hunter’s death. With Hunter he 
discussed the cow-pox question and was encouraged to pursue 
his investigation. This is of significance, for, as will be seen 
below, he was himself very sceptical, and everyone either ridiculed 
him or listened with the attention yielded those exploiting an 
absurd theory. Through his association with Hunter he had 
entered into the study of anatomy and natural history, and in 
consequence of his proficiency in these subjects was offered the 
position of naturalist on one of the expeditions of the navigator 
Cook. This offer, tempting to a physician of twenty-two years 
of age, recently qualified, he declined, and instead returned to his 
native village to take up practice. One questions how much his 
purpose to investigate the cow-pox had to do with this decision. 


In Gloucestershire, therefore, as a country practitioner he began, 
207 
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in 1773, to observe systematically and patiently the cow-pox and 
to keep those records which for accuracy of detail and simplicity 
of expression are models. His interests, however, embraced other 
studies, as will be seen by the bibliographic list below. Among 
these was angina pectoris. It will be remembered that John 
Hunter suffered from this disease and subsequently died in an 
attack of it. Doubtless Jenner had many opportunities of ob- 
serving in his patron the characteristics of this disease. He 
presented his observations upon various subjects to the county 
medical societies, at which he received due attention, but was 
informed that if he continued to bring forward his views on cow- 
pox he would be requested to resign. It might be supposed that 
this was the opinion of country practitioners only, but it will be 
seen from the account given below that even the London societies 
and practitioners assumed the same attitude. It was not until 
1780, ten years after his conversations with Hunter, that Jenner 
ventured even in private to prophesy the future of his beliefs. 
This appears in the following letter, written in confidence to his 
friend, Edward Gardener: “I have entrusted a most important 
matter to you, which I firmly believe will prove of essential benefit 
to the human race. I know you, and should not wish what I 
have stated brought into conversation; for, should anything 
untoward turn up in my experiments, I should be made, par- 
ticularly by my medical brethren, the subject of ridicule—for I 
am the mark they all shoot at.” 

It should be remembered that all the important letters, records, 
etc., bearing upon the subject appeared in evidence before a com- 
mittee of the House of Commons, just as similar papers in the ether 
controversy were submitted to the Congressional Committee. 
This establishes the historic value of all such documents, of which 
the above is one. 

For sixteen years more he continued to observe, with the same 
scrutiny, the effects of the cow-pox as presented on the hands of 
the milkers and to keep records of those attacked and those immune 
to smallpox. By 1796 he seems to have acquired sufficient evi- 
dence to attempt a regular inoculation, for on May 14th of that 
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year he performed the first vaccination. ‘Lymph taken from the 
hand of Sarah Holmes,” affected with cow-pox, was inserted into 
the arm of James Phipps, a healthy boy about eight years of age. 
The boy went through an attack of cow-pox. The real test now 
came. Six weeks later (July Ist) matter from a smallpox pustule 
was introduced into his arm. The boy remained perfectly well. 
From this date Jenner devoted almost his entire attention to the 
investigation, as will be seen by the record reprinted below. 
Like Harvey and Morton, his practice and fortune were neglected, 
and for two years he conducted experiments to corroborate this 
first successful vaccination. His feelings during this time are 
well described in his own words. He says: “‘While the vaccine 
discovery was progressive, the joy I felt at the prospect before me 
of being the instrument destined to take away from the world 
one of its greatest calamities, blended with the fond hope of enjoying 
independence and domestic peace and happiness, was often so 
excessive that, in pursuing my favorite subject among the meadows, 
I have sometimes found myself in a kind of reverie. It is pleasant 
for me to recollect that these reflections always ended in devout 
acknowledgments to that Being from whom this and all other 
mercies flow.” 

In 1798, having, as he considered, completed his observations 
sufficiently to make them public, he applied to the Royal Society 
(London) for permission to present his conclusions before that 
body. To this request the following advice was given by the 
president of the Society, that he (Jenner) “should be cautious and 
prudent, that he had already gained some credit by his com- 
munications to the Royal Society, and ought not to risk his reputa- 
tion by presenting to the learned body anything which appeared 
so much at variance with established knowledge, and withal so 
incredible.’’* 

The communication was not made, but Jenner visited London 
in April of this year and remained until July. During this visit 
he endeavored to demonstrate his findings to professional friends. 
In June, 1796, while he was still in London, his monograph 


* Baron, quoted by Pettigrew. 
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which is reprinted below appeared. He returned to the country 
in July, having failed to arouse any interest among the London 
physicians. He left, however, a supply of virus with Mr. Cline, 
of St. Thomas’s Hospital. This surgeon employed it as a counter- 
irritant in a case of hip disease. "The cow-pox having gone through 
the usual course in this case, Mr. Cline consented to try the effects 
of inoculating the child with smallpox matter. This was inserted 
in three places, each of which manifested a slight inflammation 
on the third day and then subsided. Smallpox did not subse- 
quently develop in this child. Mr. Cline now became an en- 
thusiastic advocate of the method and urged Jenner to settle in 
London, promising him £10,000 a year as an income from the 
practice he would acquire. Jenner was now nearing his fiftieth 
year and the following reply to the above suggestion is full of 
interest: ‘“‘Shall I, who even in the morning of my days sought 
the lowly and sequestered paths of life, the valley, and not the 
mountain; shall I, now my evening is fast approaching, hold 
myself up as an object for fortune and for fame? Admitting it 
as a certainty that I obtain both, what stock should I add to my 
little fund of happiness? My fortune, with what flows in from 
my profession, is sufficient to gratify my wishes; indeed, so limited 
is my ambition, and that of my nearest connexions, that were I 
precluded from future practice, I should be enabled to obtain all 
I want. And as for fame, what is it? a gilded butt, forever 
pierced with the arrows of malignancy. * * * ” 

This statement shows that at this time his practice and his 
means were sufficient to supply the wants of himself and family. 
Unlike Morton, he was not at this or any time reduced to poverty, 
but his practice and fortune were seriously encroached upon by 
the immense amount of unremunerative business and travel it 
was necessary for him to do. On this account he was urged by 
friends to present an application to Parliament. On the 17th of 
March, 1802, the petition was presented and a committee ap- 
pointed. As in the ether controversy, many persons were ex- 
amined and much documentary evidence presented, and finally 
Jenner’s claim openly disputed. Twenty-five years had been 
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spent in investigation and examination of carefully kept records 
before Jenner ventured to make his conclusions public. To 
his sensitive disposition the opposition which he now met caused 
him bitter disappointment. This opposition was better, however, 
than the apathy and distrust of a few years before, for much of 
Jenner’s laborious investigation was now proclaimed by a legis- 
lative body in a manner impossible in a tribunal composed of 
medical men. The following extract from a letter of 1802 to a 
friend expresses Jenner’s feeling on this matter. He says: “I 
sometimes wish this business had never been brought forward. 
It makes me feel indignant to reflect that one who has, through a 
most painful and laborious investigation, brought to light a subject 
that will add to the happiness of every human being in the world, 
should appear among his countrymen as a supplicant for the means 
of obtaining a few comforts for himself and family.” 

Following the report of the Committee, the House voted £10,000 
to Jenner. An amendment proposing £20,000 was lost by a 
majority of three. A public subscription was proposed, but was 
not carried out. It is of interest here to recall that though Morton 
failed in obtaining an award from Congress, he received a liberal sum 
from public subscription, in which the profession figured largely. 

In 1813 Jenner received the degree of Doctor of Physic from the 
University of Oxford, but the College of Physicians of London 
refused to admit him without the usual examination. 

On January 26, 1823, Jenner died, being in his seventy-fourth 
year. After his death there was found among his papers a letter, 
post marked January 14, 1823, with the following, probably part 
of a note to be written in full later: “My opinion of vaccination 
is precisely as it was when I first promulgated the discovery. It 
is not in the least strengthened by any event that has happened, 
for it could gain no strength; it is not in the least weakened, for 
if the failures you speak of had not happened, the truth of my 
assertions respecting those coincidences which occasioned them, 
would not have been made out.” * 

* Note: For this quotation, as well as for much valuble information appearing 
in the above sketch, the writer wishes to acknowledge his indebtedness to Petti- 
grew’s “Medical Portrait Gallery.”—C. N. B. C. 
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To 
C. H. Parry, M.D. 
Avr Baru 


My Dear FRIEND: 

In the present age of scientific investigation it is remarkable that 
a disease of so peculiar a nature as the cow-pox, which has appeared 
in this and some of the neighbouring counties for such a series of 
years, should so long have escaped particular attention. Finding 
the prevailing notions on the subject, both among men of our pro- 
fession and others, extremely vague and indeterminate, and con- 
ceiving that facts might appear at once both curious and useful, 
I have instituted as strict an inquiry into the causes and effects of 
this singular malady as local circumstances would admit. 

The following pages are the result, which, from motives of the 
most affectionate regard, are dedicated to you, by 

Your sincere friend, 
EpwarD JENNER. 
BERKELEY, GLOUCESTERSHIRE, 
June 2tst, 1798. 


The deviation of man from the state in which he was originally 
placed by nature seems to have proved to him a prolific source 
of diseases. From the love of splendour, from the indulgences of 
luxury, and from his fondness for amusement he has familiarised 
himself with a great number of animals, which may not originally 
have been intended for his associates. 

The wolf, disarmed of ferocity, is now pillowed in the lady’s 
lap.* The cat, the little tiger of our island, whose natural home is 
the forest, is equally domesticated and caressed. The cow, the 
hog, the sheep, and the horse, are all, for a variety of purposes, 
brought under his care and dominion. 

There is a disease to which the horse, from his state of domestica- 
tion, is frequently subject. The farriers have called it the grease. 
It is an inflammation and swelling in the heel, from which issues 
matter possessing properties of a very peculiar kind, which seems 
capable of generating a disease in the human body (after it has 
undergone the modification which I shall presently speak of) , which 
bears so strong a resemblance to the smallpox that I think it 
highly probable it may be the source of the disease. 

In this dairy country a great number of cows are kept, and the 
office of milking is performed indiscriminately by men and maid 
servants. One of the former having been appointed to apply 
dressings to the heels of a horse affected with the grease, and not 
paying due attention to cleanliness, incautiously bears his part in 
milking the cows, with some particles of the infectious matter ad- 
hering to his fingers. When this is the case, it commonly happens 
that a disease is communicated to the cows, and from the cows to 
the dairymaids, which spreads through the farm until the most of 
the cattle and domestics feel its unpleasant consequences. This 


* The late Mr. John Hunter proved, by experiments, that the dog is the wolf 


in a degenerate state. 
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disease has obtained the name of the cow-pox. It appears on the 
nipples of the cows in the form of irregular pustules. At their 
first appearance they are commonly of a palish blue, or rather of a 
colour somewhat approaching to livid, and are surrounded by 
an erysipelatous inflammation. These pustules, unless a timely 
remedy be applied, frequently degenerate into phagedenic ulcers, 
which prove extremely troublesome.* The animals become indis- 
posed, and the secretion of milk is much lessened. Inflamed spots 
now begin to appear on different parts of the hands of the do- 
mestics employed in milking, and sometimes on the wrists, which 
quickly run on to suppuration, first assuming the appearance of the 
small vesications produced by a burn. Most commonly they ap- 
pear about the joints of the fingers and at their extremities; but 
whatever parts are affected, if the situation will admit, these super- 
ficial suppurations put on a circular form, with their edges more 
elevated than their centre, and of a colour distantly approaching 
to blue. Absorption takes place, and tumours appear in each axilla. 
The system becomes affected—the pulse is quickened; and shiver- 
ings, succeeded by heat, with general lassitude and pains about the 
loins and limbs, with vomiting, come on. ‘The head is painful, and 
the patient is now and then even affected with delirium. These 
symptoms, varying in their degrees of violence, generally continue 
from one day to three or four, leaving ulcerated sores about the 
hands, which, from the sensibility of the parts, are very troublesome, 
and commonly heal slowly, frequently becoming phagedenic, 
like those from whence they sprung. ‘The lips, nostrils, eyelids, and 
other parts of the body are sometimes affected with sores; but these 
evidently arise from their being heedlessly rubbed or scratched with 
the patient’s infected fingers. No eruptions on the skin have fol- 
lowed the decline of the feverish symptoms in any instance that has 
come under my inspection, one only excepted, and in this case a very 
few appeared on the arms: they were very minute, of a vivid red 


* They who attend sick cattle in this country find a speedy remedy for stopping 
the progress of this complaint in those applications which act chemically upon the 
morbid matter, such as the solutions of the vitriolum zinci and the vitriolum cupri 
etc. 
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colour, and soon died away without advancing to maturation; so 
that I cannot determine whether they had any connection with the 
preceding symptoms. 

Thus the disease makes its progress from the horse to the nipple 
of the cow, and from the cow to the human subject. 

Morbid matter of various kinds, when absorbed into the system, 
may produce effects in some degree similar; but what renders the 
cow-pox virus so extremely singular is that the person who has been 
thus affected is for ever after secure from the infection of the small 
pox; neither exposure to the variolous effluvia, nor the insertion of 
the matter into the skin, producing this distemper. 

In support of so extraordinary a fact, I shall lay before my 
reader a great number of instances. * 


Case I.—Joseph Merret, now an under gardener to the Earl of 
Berkeley, lived as a servant with a farmer near this place in the 
year 1770, and occasionally assisted in milking his master’s cows. 
Several horses belonging to the farm began to have sore heels, 
which Merret frequently attended. The cows soon became 
affected with the cow-pox, and soon after several sores appeared on 
his hands. Swellings and stiffness in each axilla followed, and he 
was so much indisposed for several days as to be incapable of pur- 
suing his ordinary employment. Previously to the appearance of the 
distemper among the cows there was no fresh cow brought into the 
farm, nor any servant employed who was affected with the cow-pox. 


* It is necessary to observe that pustulous sores frequently appear spontaneously 
on the nipples of cows, and instances have occurred, though very rarely, of the 
hands of the servants employed in milking being affected with sores in consequence, 
and even of their feeling an indisposition from absorption. ‘These pustules are of a 
much milder nature than those which arise from that contagion which constitutes 
the true cow pox. They are always free from the bluish or livid tint so conspicuous 
in the pustules in that disease. No erysipelas attends them, nor do they shew any 
phagedenic disposition as in the other case, but quickly terminate in a scab with- 
out creating any apparent disorder in the cow. This complaint appears at various 
seasons of the year, but most commonly in the spring, when the cows are first taken 
from their winter food and fed with grass. It is very apt to appear also when 
they are suckling their young. But this disease is not to be considered as similar 
in any respect to that of which I am treating, as it is incapable of producing any 
specific effects on the human constitution. However, it is of the greatest conse- 
quence to point it out here, lest the want of discrimination should occasion an 
idea of security from the infection of the smallpox, which might prove delusive. 
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In April, 1795, a general inoculation taking place here, Merret 
was inoculated with his family; so that a period of twenty-five 
years had elapsed from his having the cow-pox to this time. How- 
ever, though the variolous matter was repeatedly inserted into his 
arm, I found it impracticable to infect him with it; an efflorescence 
only, taking on an erysipelatous look about the centre, appearing 
on the skin near the punctured parts. During the whole time that 
his family had the smallpox, one of whom had it very full, he re- 
mained in the house with them, but received no injury from 
exposure to the contagion. 

It is necessary to observe that the utmost care was taken to as- 
certain, with the most scrupulous precision, that no one whose case 
is here adduced had gone through the smallpox previous to these 
attempts to produce that disease. 

Had these experiments been conducted in a large city, or in a 
populous neighborhood, some doubts might have been entertained ; 
but here, where population is thin, and where such an event as a 
person’s having had the smallpox is always faithfully recorded, no 
risk of inaccuracy in this particular can arise. 


Casz II.—Sarah Portlock, of this place, was infected with the 
cow-pox when a servant at a farmer’s in the neighbourhood, twenty- 
seven years ago.* 

In the year 1792, conceiving herself, from this circumstance, 
secure from the infection of the smallpox, she nursed one of her own 
children who had accidentally caught the disease, but no indisposi- 
tion ensued. During the time she remained in the infected room, 
variolous matter was inserted into both her arms, but without any 
further effect than in the preceding case. 


Case III.—John Phillips, a tradesman of this town, had the cow- 
pox at so early a period as nine years of age. At the age of sixty- 
two I inoculated him, and was very careful in selecting matter in its 
most active state. It was taken from the arm of a boy just before 
the commencement of the eruptive fever, and instantly inserted. 
It very speedily produced a sting-like feel in the part. An efflores- 
cence appeared, which on the fourth day was rather extensive, and 
some degree of pain and stiffness were felt about the shoulder; 
but on the fifth day these symptoms began to disappear, and in a 


*I have purposely selected several cases in which the disease had appeared 
at a very distant period previous to the experiments made with variolous matter,. 
to shew that the change produced in the constitution is not affected by time. 
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day or two after went entirely off, without producing any effect on 
the system. 


Case IV.—Mary Barge, of Woodford, in this parish, was in- 
oculated with variolous matter in the year 1791. An efflorescence 
of a palish red colour soon appeared about the parts where the 
matter was inserted, and spread itself rather extensively, but died 
away in a few days without producing any variolous symptoms.* 
She has since been repeatedly employed as a nurse to smallpox 
patients, without experiencing any ill consequences. This woman 
had the cow-pox when she lived in the service of a farmer in this 
parish thirty-one years before. 


Case V.—Mrs. H , a respectable gentlewoman of this town, 
had the cow-pox when very young. She received the infection in 
rather an uncommon manner: it was given by means of her handling 
some of the same utensilsf which were in use among the servants of 
the family, who had the disease from milking infected cows. Her 
hands had many of the cow-pox sores upon them, and they were 
communicated to her nose, which became inflamed and very much 
swollen. Soon after this event Mrs. H was exposed to the 
contagion of the small pox, where it was scarcely possible for her to 
have escaped, had she been susceptible of it, as she regularly at- 
tended a relative who had the disease in so violent a degree that it 
proved fatal to him. 

In the year 1778 the smallpox prevailed very much at Berkeley, 
and Mrs. H. , not feeling perfectly satisfied respecting her safety 
(no indisposition having followed her exposure to the smallpox), 
T inoculated her with active variolous matter. The same appearance 
followed as in the preceding cases—an efflorescence on the arm 
without any effect on the constitution. 


-* Jt is remarkable that variolous matter, when the system is disposed to reject 
it, should excite inflammation on the part to which it is applied more speedily than 
when it produces the smallpox. Indeed, it becomes almost a criterion by which 
we can determine whether the infection will be received or not. It seems as if a 
change, which endures through life, had been produced in the action, or disposi- 
tion to action, in the vessels of the skin; and it is remarkable, too, that whether this 
change has been effected by the smallpox or the cow-pox that the disposition to 
sudden cuticular inflammation is the same on the application of variolous matter. 


+ When the cow-pox has prevailed in the dairy, it has often been communicated 
to those who have not milked the cows, by the handle of the milk pail. 
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Case VI.—It is a fact so well known among our dairy farmers 
that those who have had the smallpox either escape the cow-pox or 
are disposed to have it slightly, that as soon as the complaint shews 
itself among the cattle, assistants are procured, if possible, who 
are thus rendered less susceptible of it, otherwise the business of 
the farm could scarcely go forward. 

In the month of May, 1796, the cow-pox broke out at Mr. 
Baker’s, a farmer who lives near this place. ‘The disease was com- 
municated by means of a cow which was purchased in an infected 
state at a neighbouring fair, and not one of the farmer’s cows (con- 
sisting of thirty) which were at that time milked escaped the con- 
tagion. The family consisted of a man servant, two dairymaids, 
and a servant boy, who, with the farmer himself, were twice a day 
employed in milking the cattle. ‘The whole of this family, except 
Sarah Wynne, one of the dairymaids, had gone through the small- 
pox. The consequence was that the farmer and the servant boy 
escaped the infection of the cow-pox entirely, and the servant man 
and one of the maid servants had each of them nothing more than 
a sore on one of their fingers, which produced no disorder in the 
system. But the other dairymaid, Sarah Wynne, who never had 
the smallpox, did not escape in so easy amanner. She caught the 
complaint from the cows, and was affected with the symptoms 
described in the fifth page in so violent a degree that she was con- 
fined to her bed, and rendered incapable for several days of pur- 
suing her ordinary vocations in the farm. 

March 28, 1797, I inoculated this girl and carefully rubbed the 
variolous matter into two slight incisions made upon the left arm. 
A little inflammation appeared in the usual manner around the 
parts where the matter was inserted, but so early as the fifth day 
it vanished entirely without producing any effect on the system. 


Case VII.—Although the preceding history pretty clearly 
evinces that the constitution is far less susceptible of the contagion of 
the cow-pox after it has felt that of the smallpox, and although 
in general, as I have observed, they who have had the smallpox, and 
are employed in milking cows which are infected with the cow-pox, 
either escape the disorder, or have sores on the hands without feel- 
ing any general indisposition, yet the animal economy is subject to 
some variation in this respect, which the following relation will point 
out: 

In the summer of the year 1796 the cow-pox appeared at the farm 
of Mr. Andrews, a considerable dairy adjoining to the town of 
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Berkeley. It was communicated, as in the preceding instance, by 
an infected cow purchased at a fair in the neighbourhood. The 
family consisted of the farmer, his wife, two sons, a man and a 
maid servant; all of whom, except the farmer (who was fearful of 
the consequences), bore a part in milking the cows. The whole of 
them, exclusive of the man servant, had regularly gone through the 
small pox; but in this case no one who milked the cows escaped the 
contagion. All of them had sores upor their hands, and some de- 
gree of general indisposition, preceded by pains and tumours in 
the axillze: but there was no comparison in the severity of the dis- 
ease as it was felt by the servant man, who had escaped the small- 
pox, and by those of the family who had not, for, while he was con- 
fined to his bed, they were able, without much inconvenience, to 
follow their ordinary business. 

February the 13th, 1797, I availed myself of an opportunity 
of inoculating William Rodway, the servant man above alluded to. 
Variolous matter was inserted into both his arms: in the right, by 
means of superficial incisions, and into the left by slight punctures 
into the cutis. Both were perceptibly inflamed on the third day. 
After this the inflammation about the punctures soon died away, 
but a small appearance of erysipelas was manifest about the edges 
of the incisions till the eighth day, when a little uneasiness was felt 
for the space of half an hour in the right axilla. The inflammation 
then hastily disappeared without producing the most distant mark 
of affection of the system. 


Case VIII.—Elizabeth Wynne, aged fifty-seven, lived as a ser- 
vant with a neighbouring farmer thirty-eight years ago. She was 
then a dairymaid, and the cow-pox broke out among the cows. 
She caught the disease with the rest of the family, but, compared 
with them, had it in a very slight degree, one very small sore only 
breaking out on the little finger of her left hand, and scarcely any 
perceptible indisposition following it. 

As the malady had shewn itself in so slight a manner, and as 
it had taken place at so distant a period of her life, I was happy with 
the opportunity of trying the effects of variolous matter upon her 
constitution, and on the 28th of March, 1797, I inoculated her by 
making two superficial incisions on the left arm, on which the mat- 
ter was cautiously rubbed. A little efflorescence soon appeared, 
and a tingling sensation was felt about the parts where the matter 
was inserted until the third day, when both began to subside, and 
so early as the fifth day it was evident that no indisposition would 


follow. 
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Casz I[X.—Although the cow-pox shields the constitution from 
the smallpox, and the smallpox proves a protection against its 
own future poison, yet it appears that the human body is again and 
again susceptible of the infectious matter of the cow-pox, as the 
following history will demonstrate. 

William Smith, of Pyrton in this parish, contracted this disease 
when he lived with a neighbouring farmer in the year 1780. One 
of the horses belonging to the farm had sore heels, and it fell to his 
lot to attend him. By these means the infection was carried to the 
cows, and from the cows it was communicated to Smith. On one of 
his hands were several ulcerated sores, and he was affected with 
such symptoms as have been before described. 

In the year 1791 the cow-pox broke out at another farm where he 
then lived as a servant, and he became affected with it a second 
time; and in the year 1794 he was so unfortunate as to catch it 
again. The disease was equally as severe the second and third 
time as it was on the first.* 

In the spring of the year 1795 he was twice inoculated, but no 
affection of the system could be produced from the variolous 
matter; and he has since associated with those who had the 
smallpox in its most contagious state without feeling any effect 
from it. 


Case X.—Simon Nichols lived as a servant with Mr. Bromedge, 
a gentleman who resides on his own farm in this parish, in the year 
1782. He was employed in applying dressings to the sore heels of 
one of his master’s horses, and at the same time assisted in milking 
the cows. The cows became affected in consequence, but the 
disease did not shew itself on their nipples till several weeks after 
he had begun to dress the horse. He quitted Mr. Bromedge’s 
service, and went to another farm without any sores upon him; 
but here his hands soon began to be affected in the common way, 
and he was much indisposed with the usual symptoms. Concealing 
the nature of the malady from Mr. Cole, his new master, and being 
there also employed in milking, the cow-pox was communicated to 
the cows. 

Some years afterward Nichols was employed in a farm where the 
smallpox broke out, when I inoculated him with several other 
patients, with whom he continued during the whole time of their 
confinement. His arm inflamed, but neither the inflammation nor 


* This is not the case in general—a second attack is commonly very slight, and 
so, I am informed, it is among the cows. 
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his associating with the inoculated family produced the least effect 
upon his constitution. 


Case XI.—William Stinchcomb was a fellow servant with 
Nichols at Mr. Bromedge’s farm at the time the cattle had the cow- 
pox, and he was, unfortunately, infected by them. His left hand 
was very severely affected with several corroding ulcers, and a 
tumour of considerable size appeared in the axilla of that side. 
His right hand had only one small tumor upon it, and no sore dis- 
covered itself in the corresponding axilla. 

In the year 1792 Stinchcomb was inoculated with variolous mat- 
ter, but no consequences ensued beyond a little inflammation in the 
arm forafew days. A large party were inoculated at the same time, 
some of whom had the disease in a more violent degree than is 
commonly seen from inoculation. He purposely associated with 
them, but could not receive the smallpox. 

During the sickening of some of his companions their symptoms 
so strongly recalled to his mind his own state when sickening with 
the cow-pox that he very pertinently remarked their striking 
similarity. 


Case XII.—The paupers of the village of Tortworth, in this 
county, were inoculated by Mr. Henry Jenner, Surgeon, of Berke- 
ley, in the year 1795. Among them, eight patients presented them- 
selves who had at different periods of their lives had the cow-pox. 
One of them, Hester Walkley, I attended with that disease when 
she lived in the service of a farmer in the same village in the year 
1782; but neither this woman, nor any other of the patients who 
had gone through the cow-pox, received the variolous infection 
either from the arm or from mixing in the society of the other 
patients who were inoculated at the same time. This state of 
security proved a fortunate circumstance, as many of the poor 
women were at the same time in a state of pregnancy. 


Case XIII.—One instance has occurred to me of the system 
being affected from the matter issuing from the heels of horses, and 
of its remaining afterwards unsusceptible of the variolous contagion; 
another, where the smallpox appeared obscurely; and a third, in 
which its complete existence was positively ascertained. 

First, Thomas Pearce is the son of a smith and farrier near to this 
place. He never had the cow-pox; but, in consequence of dressing 
horses with sore heels at his father’s, when a lad, he had sores on his 
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fingers which suppurated, and which occasioned a pretty severe in- 
disposition. Six years afterwards I inserted variolous matter into 
his arm repeatedly, without being able to produce any thing more 
than slight inflammation, which appeared very soon after the matter 
was applied, and afterwards I exposed him to the contagion of the 
smallpox with as little effect.* 


Case XIV.—Secondly, Mr. James Cole, a farmer in this parish, 
had a disease from the same source as related in the preceding case, 
and some years after was inoculated with variolous matter. He 
had a little pain in the axilla and felt a slight indisposition for three 
orfour hours. A few eruptions shewed themselves on the forehead, 
but they very soon disappeared without advancing to maturation. 


CasE XV.—Although in the former instances the system seemed 
to be secured, or nearly so, from variolous infection, by the absorp- 
tion of matter from the sores produced by the diseased heels of 
horses, yet the following case decisively proves that this cannot be 
entirely relied upon until a disease has been generated by the mor- 
bid matter from the horse on the nipple of the cow, and passed 
through that medium to the human subject. 

Mr. Abraham Riddiford, a farmer at Stone in this parish, in 
consequence of dressing a mare that had sore heels, was affected 
with very painful sores in both his hands, tumours in each axilla, 
and severe and general indisposition. A surgeon in the neighbour- 
hood attended him, who, knowing the similarity between the ap- 
pearance of the sores upon his hands and those produced by the 
cow-pox, and being acquainted also with the effects of that disease 
on the human constitution, assured him that he never need to fear 
the infection of the smallpox; but this assertion proved fallacious, 
for, on being exposed to the infection upwards of twenty years after- 
wards, he caught the disease, which took its regular course in a very 
mild way. There certainly was a difference perceptible, although 
it is not easy to describe it, in the general appearance of the pustules 
from that which we commonly see. Other practitioners who 
visited the patient at my request agreed with me in this point, though 


* It is a remarkable fact, and well known to many, that we are frequently foiled 
in our endeavours to communicate the smallpox by inoculation to blacksmiths, 
who in the country are farriers. They often, as in the above instance, either resist 
the contagion entirely, or have the disease anomalously. Shall we not be able to 
account for this on a rational principle? 
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there was no room left for suspicion as to the reality of the disease, 
as I inoculated some of his family from the pustules, who had the 
smallpox, with its usual appearances, in consequence. 


CasE XVI.—Sarah Nelmes, a dairymaid at a farmer’s near this 
place, was infected with the cow-pox from her master’s cows in 
May, 1796. She received the infection on a part of her hand which 
had been previously in a slight degree injured by a scratch from a 
thorn. A large pustulous sore and the usual symptoms accompany- 
ing the disease were produced in consequence. The pustule was 
so expressive of the true character of the cow-pox, as it commonly 
appears upon the hand, that I have given a representation of it in the 
annexed plate. The two small pustules on the wrists arose also 
from the application of the virus to some minute abrasions of the 
cuticle, but the livid tint, if they ever had any, was not conspicuous 
at the time I saw the patient. The pustule on the forefinger shews 
the disease in an earlier stage. It did not actually appear on the 
hand of this young woman, but was taken from that of another, and 
is annexed for the purpose of representing the malady after it has 
newly appeared. 


Case XVII.—The more accurately to observe the progress of the 
infection I selected a healthy boy, about eight years old, for the pur- 
pose of inoculation for the cow-pox. The matter was taken from a 
sore on the hand of a dairymaid,* who was infected by her master’s 
cows, and it was inserted, on the 14th of May, 1796, into the arm 
of the boy by means of two superficial incisions, barely penetrating 
the cutis, each about half an inch long. 

On the seventh day he complained of uneasiness in the axilla, 
and on the ninth he became a little chilly, lost his appetite, and had 
aslight headache. During the whole of this day he was perceptibly 
indisposed, and spent the night with some degree of restlessness, but 
on the day following he was perfectly well. 

The appearance of the incisions in their progress to a state of 
maturation were much the same as when produced in a similar 
manner by variolous matter. The only difference which I per- 
ceived was in the state of the limpid fluid arising from the action of 
the virus, which assumed rather a darker hue, and in that of the 
efflorescence spreading round the incisions, which had more of an 
erysipelatous look than we commonly perceive when variolous mat- 
ter has been made use of in the same manner; but the whole died 


* From the sore on the hand of Sarah Nelmes. See the preceding case. 
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away (leaving on the inoculated parts scabs and subsequent eschars) 
without giving me or my patient the least trouble. 

In order to ascertain whether the boy, after feeling so slight an 
affection of the system from the cow-pox virus, was secure from the 
contagion of the smallpox, he was inoculated the 1st of July follow- 
ing with variolous matter, immediately taken from a pustule. 
Several slight punctures and incisions were made on both his arms, 
and the matter was carefully inserted, but no disease followed. ‘The 
same appearances were observable on the arms as we commonly see 
when a patient has had variolous matter applied, after having either 
the cow-pox or smallpox. Several months afterwards he was 
again inoculated with variolous matter, but no sensible effect was 
produced on the constitution. 

Here my researches were interrupted till the spring of the year 
1798, when, from the wetness of the early part of the season, many 
of the farmers’ horses in this neighbourhood were affected with sore 
heels, in consequence of which the cow-pox broke out among several 
of our dairies, which afforded me an opportunity of making further 
observations upon this curious disease. 

A mare, the property of a person who keeps a dairy in a neigh- 
bouring parish, began to have sore heels the latter end of the month 
of February, 1798, which were occasionally washed by the servant 
men of the farm, Thomas Virgoe, William Wherret, and William 
Haynes, who in consequence became affected with sores in their 
hands, followed by inflamed lymphatic glands in the arms and 
axille, shiverings succeeded by heat, lassitude, and general pains in 
the limbs. A single paroxysm terminated the disease; for within 
twenty-four hours they were free from general indisposition, noth- 
ing remaining but the sores on their hands. Haynes and Virgoe, 
who had gone through the smallpox from inoculation, described 
their feelings as very similar to those which affected them on 
sickening with that malady. Wherret never had had the small- 
pox. Haynes was daily employed as one of the milkers at the farm, 
and the disease began to shew itself among the cows about ten days 
after he first assisted in washing the mare’s heels. Their nipples 
became sore in the usual way, with bluish pustules; but as remedies 
were early applied, they did not ulcerate to any extent. 


Casrt XVIII.—John Baker, a child of five years old, was in- 
oculated March 16, 1798, with matter taken from a pustule on the 
hand of Thomas Virgoe, one of the servants who had been infected 
from the mare’s heels. He became ill on the sixth day with 
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symptoms similar to those excited by cow-pox matter. On the 
eighth day he was free from indisposition. 

There was some variation in the appearance of the pustule on 
the arm. Although it somewhat resembled a smallpox pustule, yet 
its similitude was not so conspicuous as when excited by matter from 
the nipple of the cow, or when the matter has passed from thence 
through the medium of the human subject. 

This experiment was made to ascertain the progress and subse- 
quent effects of the disease when thus propagated. We have seen 

that the virus from the horse, when it proves infectious to the human 

subject, is not to be relied upon as rendering the system secure from 
variolous infection, but that the matter produced by it upon the 
nipple of the cow is perfectly so. Whether its passing from the 
horse through the human constitution, as in the present instance, 
will produce a similar effect, remains to be decided. This would 
now have been effected, but the boy was rendered unfit for inocu- 
lation from having felt the effects of a contagious fever in a work- 
house soon after this experiment was made. 


Case XIX.—William Summers, a child of five years and a half 
old, was inoculated the same day with Baker, with matter taken 
from the nipples of one of the infected cows, at the farm alluded to. 
He became indisposed on the sixth day, vomited once, and felt 
the usual slight symptoms till the eighth day, when he appeared 
perfectly well. The progress of the pustule, formed by the in- 
fection of the virus, was similar to that noticed in Case XVII, 
with this exception, its being free from the livid tint observed in that 
instance. 


Case XX.—From William Summers the disease was transferred 
to William Pead, a boy of eight years old, who was inoculated March 
28th. On the sixth day he complained of pain in the axilla, and on 
the seventh was affected with the common symptoms of a patient 
sickening with the smallpox from inoculation, which did not ter- 
minate till the third day after the seizure. So perfect was the 
similarity to the variolous fever that I was induced to examine the 
skin, conceiving there might have been some eruptions, but none 
appeared. The efflorescent blush around the part punctured in 
the boy’s arm was so truly characteristic of that which appears on 
variolous inoculation that I have given a representation of it. The 
drawing was made when the pustule was beginning to die away and 
the areola retiring from the centre. 
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Case XXI.—April 5th: Several children and adults were inocu- 
lated from the arm of William Pead. The greater part of them 
sickened on the sixth day, and were well on the seventh, but in three 
of the number a secondary indisposition arose in consequence of an 
extensive erysipelatous inflammation which appeared on the in- 
oculated arms. It seemed to arise from the state of the pustule, 
which spread out, accompanied with some degree of pain, to about 
half the diameter of a sixpence. One of these patients was an in- 
fant of half a year old. By the application of mercurial ointment to 
the inflamed parts (a treatment recommended under similar cir- 
cumstances in the inoculated smallpox) the complaint subsided 
without giving much trouble. 

Hannah Excell, an healthy girl of seven years old, and one of the 
patients above mentioned, received the infection from the insertion 
of the virus under the cuticle of the arm in three distinct points. 
The pustules which arose in consequence so much resembled, on the 
twelfth day, those appearing from the infection of variolous mat- 
ter, that an experienced inoculator would scarcely have discovered 
a shade of difference at that period. Experience now tells me that 
almost the only variation which follows consists in the pustulous 
fluids remaining limpid nearly to the time of its total disappearance; 
and not, as in the direct smallpox, becoming purulent. 


Case XXII.—From the arm of this girl matter was taken and in- 
serted April 12th into the arms of John Macklove, one year and 
a half old, Robert F. Jenner, eleven months old, Mary Pead, five 
years old, and Mary James, six years old. 

Among these, Robert F. Jenner did not receive the infection. 
The arms of the other three inflamed properly and began to affect 
the system in the usual manner; but being under some appre- 
hensions from the preceding cases that a troublesome erysipelas 
might arise, I determined on making an experiment with the view 
of cutting off its source. Accordingly, after the patients had felt 
an indisposition of about twelve hours, I applied in two of these 
cases out of the three, on the vesicle formed by the virus, a little 
mild caustic, composed of equal parts of quick-lime and soap, and 
suffered it to remain on the part six hours.* It seemed to give 
the children but little uneasiness, and effectually answered my in- 
tention in preventing the appearance of erysipelas. Indeed, it 
seemed to do more, for in half an hour after its application the in- 


* Perhaps a few touches with the lapis septicus would have proved equally 
efficacious. 
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disposition of the children ceased.* These precautions were 
perhaps unnecessary, as the arm of the third child, Mary Pead, 
which was suffered to take its common course, scabbed quickly, 
without any erysipelas. 


Case XXIII.—From this child’s arm matter was taken and 
transferred to that of J. Barge, a boy of seven years old. He 
sickened on the eighth day, went through the disease with the usual 
slight symptoms, and without any inflammation on the arm beyond 
the common efflorescence surrounding the pustule, an appearance 
so often seen in inoculated smallpox. 


After the many fruitless attempts to give the smallpox to those 
who had had the cow-pox, it did not appear necessary, nor was it 
convenient to me, to inoculate the whole of those who had been the 
subjects of these late trials; yet I thought it right to see the effects of 
variolous matter on some of them, particularly William Summers, 
the first of these patients who had been infected with matter taken 
from the cow. He was, therefore, inoculated with variolous matter 
from a fresh pustule; but, as in the preceding cases, the system did 
not feel the effects of it in the smallest degree. I had an oppor- 
tunity also of having this boy and William Pead inoculated by my 
nephew, Mr. Henry Jenner, whose report to me is as follows: 
“I have inoculated Pead and Barge, two of the boys whom you 
lately infected with the cow-pox. On the second day the incisions 
were inflamed and there was a pale inflammatory stain around 
them. On the third day these appearances were still increasing 
and their arms itched considerably. On the fourth day the in- 
flammation was evidently subsiding, and on the sixth day it was 
scarcely perceptible. No symptom of indisposition followed. 

“To convince myself that the variolous matter made use of was 
in a perfect state I at the same time inoculated a patient with 
some of it who never had gone through the cow-pox, and it pro- 
duced the smallpox in the usual regular manner.” 

These experiments afforded me much satisfaction; they proved 
that the matter, in passing from one human subject to another, 
through five gradations, lost none of its original properties, J. Barge 
being the fifth who received the infection successively from William 
Summers, the boy to whom it was communicated from the cow. 


* What effect would a similar treatment produce in inoculation for the small- 


pox ? 
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I shall now conclude this inquiry with some general observations 
on the subject, and on some others which are interwoven with it. 

Although I presume it may be unnecessary to produce further 
testimony in support of my assertion “‘that the cow-pox protects the 
human constitution from the infection of the smallpox,” yet it 
affords me considerable satisfaction to say that Lord Somerville, 
the President of the Board of Agriculture, to whom this paper was 
shewn by Sir Joseph Banks, has found upon inquiry that the state- 
ments were confirmed by the concurring testimony of Mr. Dolland, 
a surgeon, who resides in a dairy country remote from this, in which 
these observations were made. With respect to the opinion ad- 
duced “‘that the source of the infection is a peculiar morbid matter 
arising in the horse,”’ although I have not been able to prove it from 
actual experiments conducted immediately under my own eye, yet 
the evidence I have adduced appears sufficient to establish it. 

They who are not in the habit of conducting experiments may 
not be aware of the coincidence of circumstances necessary for their 
being managed so as to prove perfectly decisive; nor how often men 
engaged in professional pursuits are liable to interruptions which 
disappoint them almost at the instant of their being accomplished: 
however, I feel no room for hesitation respecting the common 
origin of the disease, being well convinced that it never appears 
among the cows (except it can be traced to a cow introduced among 
the general herd which has been previously infected, or to an in- 
fected servant) unless they have been milked by some one who, at 
the same time, has the care of a horse affected with diseased heels. 

The spring of the year 1797, which I intended particularly to 
have devoted to the completion of this investigation, proved, from 
its dryness, remarkably adverse to my wishes; for it frequently 
happens, while the farmers’ horses are exposed to the cold rains 
which fall at that season, that their heels become diseased, and no 
cow-pox then appeared in the neighbourhood. 

The active quality of the virus from the horses’ heels is greatly 
increased after it has acted on the nipples of the cow, as it rarely 
happens that the horse affects his dresser with sores, and as rarely 
that a milkmaid escapes the infection when she milks infected 
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cows. It is most active at the commencement of the disease, even 
before it has acquired a pus-like appearance; indeed, I am not con- 
fident whether this property in the matter does not entirely cease 
as soon as it is secreted in the form of pus. I am induced to think 
it does cease,* and that it is the thin, darkish-looking fluid only, 
oozing from the newly-formed cracks in the heels, similar to what 
sometimes appears from erysipelatous blisters, which gives the 
disease. Nor am I certain that the nipples of the cows are at all 
times in a state to receive the infection. The appearance of the 
disease in the spring and the early part of the summer, when they 
are disposed to be affected with spontaneous eruptions so much 
more frequently than at other seasons, induces me to think that the 
virus from the horse must be received upon them when they are in 
this state, in order to produce effects: experiments, however, must 
determine these points. But it is clear that when the cow-pox 
virus is once generated, that the cows cannot resist the contagion, 
in whatever state their nipples may chance to be, if they are milked 
with an infected hand. 


Whether the matter, either from the cow or the horse, will 
affect the sound skin of the human body, I cannot positively deter- 
mine; probably it will not, unless on those parts where the cuticle 
is extremely thin, as on the lips, for example. I have known an 
instance of a poor girl who produced an ulceration on her lip by 
frequently holding her finger to her mouth to cool the raging of a 
cow-pox sore by blowing upon it. The hands of the farmers’ 
servants here, from the nature of their employments, are con- 
stantly exposed to those injuries which occasion abrasions of the 
cuticle, to punctures from thorns, and such like accidents; so 
that they are always in a state to feel the consequences of exposure 
to infectious matter. 

It is singular to observe that the cow-pox virus, although it 
renders the constitution unsusceptible of the variolous, should, 


* It is very easy to procure pus from old sores on the heels of horses. This I 
have often inserted into scratches made with a lancet, on the sound nipples of cows, 
and have seen no other effects from it than simple inflammation. 
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nevertheless, leave it unchanged with respect to its own action. I 
have already produced an instance* to point out this, and shall now 
corroborate it with another. 

Elizabeth Wynne, who had the cow-pox in the year 1759, was 
inoculated with variolous matter, without effect, in the year 1797, 
and again caught the cow-pox in the year 1798. When I saw her, 
which was on the eighth day after she received the infection, I found 
her affected with general lassitude, shiverings, alternating with heat, 
coldness of the extremities, and a quick and irregular pulse. These 
symptoms were preceded by a pain in the axilla. On her hand was 
one large pustulous sore, which resembled that delineated in Plate 
No.1. (Plate appears in original.) 

It is curious also to observe that the virus, which with respect to 
its effects is undetermined and uncertain previously to its passing 
from the horse through the medium of the cow, should then not only 
become more active, but should invariably and completely possess 
those specific properties which induce in the human constitution 
symptoms similar to those of the variolous fever, and effect in it 
that peculiar change which for ever renders it unsusceptible of the 
variolous contagion. 

May it not then be reasonably conjectured that the source of the 
smallpox is morbid matter of a peculiar kind, generated by a 
disease in the horse, and that accidental circumstances may have 
again and again arisen, still working new changes upon it until it 
has acquired the contagious and malignant form under which we 
now commonly see it making its devastations amongst us?_ And> 
from a consideration of the change which the infectious matter 
undergoes from producing a disease on the cow, may we not con- 
ceive that many contagious diseases, now prevalent among us, may 
owe their present appearance not to a simple, but to a compound, 
origin? For example, is it difficult to imagine that the measles, 
the scarlet fever, and the ulcerous sore throat with a spotted skin 
have all sprung from the same source, assuming some variety 
in their forms according to the nature of their new combinations ? 
The same question will apply respecting the origin of many 

* See Case IX. 
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other contagious diseases which bear a strong analogy to each 
other. 

There are certainly more forms than one, without considering 
the common variation between the confluent and distinct, in which 
the smallpox appears in what is called the natural way. About 
seven years ago a species of smallpox spread through many of the 
towns and villages of this part of Gloucestershire: it was of so 
mild a nature that a fatal instance was scarcely ever heard of, and 
consequently so little dreaded by the lower orders of the community 
that they scrupled not to hold the same intercourse with each other 
as if noinfectious disease had been present among them. Inever saw 
nor heard of an instance of its being confluent. The most accurate 
manner, perhaps, in which I can convey an idea of it is by saying 
that had fifty individuals been taken promiscuously and infected by 
exposure to this contagion, they would have had as mild and light 
a disease as if they had been inoculated with variolous matter in the 
usual way. ‘The harmless manner in which it shewed itself could 
not arise from any peculiarity either in the season or the weather, for 
I watched its progress upwards of a year without perceiving any 
variation in its general appearance. I consider it then as a variety 
of the smallpox.* 

In some of the preceding cases I have noticed the attention that 
was paid to the state of the variolous matter previous to the ex- 
periment of inserting it into the arms of those who had gone through 
the cow-pox. This I conceived to be of great importance in con- 
ducting these experiments, and, were it always properly attended to 
by those who inoculate for the smallpox, it might prevent much 
subsequent mischief and confusion. With the view of enforcing so 
necessary a precaution I shall take the liberty of digressing so far 
as to point out some unpleasant facts relative to mismanagement 
in this particular, which have fallen under my own observation. 

A medical gentleman (now no more), who for many years inocu- 


* My friend, Dr. Hicks, of Bristol, who, during the prevalence of this distemper, 
was resident at Gloucester, and physician of the hospital there (where it was seen 
soon after its first appearance in this country), had opportunities of making numer- 
ous observations upon it, which it is his intention to communicate to the public. 
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lated in this neighbourhood, frequently preserved the variolous 
matter intended for his use on a piece of lint or cotton, which, in its 
fluid state, was put into a vial, corked, and conveyed into a warm 
pocket; a situation certainly favourable for speedily producing 
putrefaction init. In this state (not unfrequently after it had been 
taken several days from the pustules) it was inserted into the arms 
of his patients, and brought an inflammation of the incised parts, 
swellings of the axillary glands, fever, and sometimes eruptions. 
But what was this disease? Certainly not the smallpox; for the 
matter having from putrefaction lost or suffered a derangement in 
its specific properties, was no longer capable of producing that 
malady, those who had been inoculated in this manner being as 
much subject to the contagion of the smallpox as if they had never 
been under the influence of this artificial disease; and many, unfor- 
tunately, fell victims to it, who thought themselves in perfect secur- 
ity. The same unfortunate circumstance of giving a disease, sup- 
posed to be the smallpox, with inefficacious variolous matter, having 
occurred under the direction of some other practitioners within my 
knowledge, and probably from the same incautious method of se- 
curing the variolous matter, I avail myself of this opportunity of 
mentioning what I conceive to be of great importance; and, as a 
further cautionary hint, I shall again digress so far as to add an- 
other observation on the subject of inoculation. 

Whether it be yet ascertained by experiment that the quantity 
of variolous matter inserted into the skin makes any difference 
with respect to the subsequent mildness or violence of the disease, 
T know not; but I have the strongest reason for supposing that if 
either the punctures or incisions be made so deep as to go through 
it and wound the adipose membrane, that the risk of bringing on a 
violent disease is greatly increased. I have known an inoculator 
whose practice was “‘to cut deep enough (to use his own expression) 
to see a bit of fat,” and there to lodge the matter. The great num- 
ber of bad cases, independent of inflammations and abscesses on 
the arms, and the fatality which attended this practice, was almost 
inconceivable; and I cannot account for it on any other principle 
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than that of the matter being placed in this situation instead of the 
skin. 

It was the practice of another, whom I well remember, to pinch 
up a small portion of the skin on the arms of his patients and to 
pass through it a needle, with a thread attached to it previously 
dipped in variolous matter. The thread was lodged in the per- 
forated part, and consequently left in contact with the cellular 
membrane. ‘This practice was attended with the same ill success 
as the former. Although it is very improbable that any one would 
now inoculate in this rude way by design, yet these observations 
may tend to place a double guard over the lancet, when infants, 
whose skins are comparatively so very thin, fall under the care of the 
inoculator. 

A very respectable friend of mine, Dr. Hardwicke, of Sodbury 
in this county, inoculated great numbers of patients previous to the 
introduction of the more modern method by Sutton, and with such 
success that a fatal instance occurred as rarely as since that method 
has been adopted. It was the doctor’s practice to make as slight an 
incision as possible wpon the skin, and there to lodge a thread satu- 
rated with the variolous matter. When his patients became indis- 
posed, agreeably to the custom then prevailing, they were directed 
to goto bed and were kept moderately warm. Is itnot probable then 
that the success of the modern practice may depend more upon the 
method of invariably depositing the virus in or upon the skin, than 
on the subsequent treatment of the disease ? 

I do not mean to insinuate that exposure to cool air, and suffering 
the patient to drink cold water when hot and thirsty, may not mod- 
erate the eruptive symptoms and lessen the number of pustules; 
yet, to repeat my former observation, I cannot account for the un- 
interrupted success, or nearly so, of one practitioner, and the 
wretched state of the patients under the care of another, where, in 
both instances, the general treatment did not differ essentially, 
without conceiving it to arise from the different modes of inserting 
the matter for the purpose of producing the disease. As it is not 
the identical matter inserted which is absorbed into the constitution, 
but that which is, by some peculiar process in the animal economy, 
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generated by it, is it not probable that different parts of the human 
body may prepare or modify the virus differently? Although the 
skin, for example, adipose membrane, or mucous membranes are all 
capable of producing the variolous virus by the stimulus given by 
the particles originally deposited upon them, yet I am induced to 
conceive that each of these parts is capable of producing some varia- 
tion in the qualities of the matter previous to its affecting the con- 
stitution. What else can constitute the difference between the 
smallpox when communicated casually or in what has been termed 
the natural way, or when brought on artificially through the medium 
of the skin ? 

After all, are the variolous particles, possessing their true specific 
and contagious principles, ever taken up and conveyed by the lym- 
phatics unchanged into the blood vessels? I imagine not. Were 
this the case, should we not find the blood sufficiently loaded with 
them in some stages of the smallpox to communicate the disease 
by inserting it under the cuticle, or by spreading it on the surface 
of an ulcer? Yet experiments have determined the impracticabil- 
ity of its being given in this way; although it has been proved that 
variolous matter, when much diluted with water and applied to the 
skin in the usual manner, will produce the disease. But it would 
be digressing beyond a proper boundary to go minutely into this 
subject here. 

At what period the cow-pox was first noticed here is not upon 
record. Our oldest farmers were not unacquainted with it in their 
earliest days, when it appeared among their farms without any 
deviation from the phenomena which it now exhibits. Its connec- 
tion with the smallpox seems to have been unknown to them. 
Probably the general introduction of inoculation first occasioned 
the discovery. 

Its rise in this country may not have been of very remote date, as 
the practice of milking cows might formerly have been in the hands 
of women only; which I believe is the case now in some other dairy 
countries, and, consequently, that the cows might not in former 
times have been exposed to the contagious matter brought by the 
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men servants from the heels of horses.* Indeed, a knowledge of 
the source of the infection is new in the minds of most of the farmers 
in this neighbourhood, but it has at length produced good conse- 
quences; and it seems probable, from the precautions they are now 
disposed to adopt, that the appearance of the cow-pox here may 
either be entirely extinguished or become extremely rare. 

Should it be asked whether this investigation is a matter of mere 
curiosity, or whether it tends to any beneficial purpose, I should 
answer that, notwithstanding the happy effects of inoculation, with 
all the improvements which the practice has received since its first 
introduction into this country, it not very unfrequently produces 
deformity of the skin, and sometimes, under the best management, 
proves fatal. 

These circumstances must naturally create in every instance some 
degree of painful solicitude for its consequences. But as I have 
never known fatal effects arise from the cow-pox, even when im- 
pressed in the most unfavourable manner, producing extensive in- 
flammations and suppurations on the hands; and as it clearly ap- 
pears that this disease leaves the constitution in a state of perfect 
security from the infection of the smallpox, may we not infer that a 
mode of inoculation may be introduced preferable to that at present 
adopted, especially among those families which, from previous cir- 
cumstances, we may judge to be predisposed to have the disease 
unfavourably? It is an excess in the number of pustules which we 
chiefly dread in the smallpox; but in the cow-pox no pustules ap- 
pear, nor does it seem possible for the contagious matter to produce 
the disease from effluvia, or by any other means than contact, and 
that probably not simply between the virus and the cuticle; so that 
a single individual in a family might at any time receive it without 
the risk of infecting the rest or of spreading a distemper that fills a 
country with terror. 


* I have been informed from respectable authority that in Ireland, although 
dairies abound in many parts of the island, the disease is entirely unknown. The 
reason seems obvious. The business of the dairy is conducted by women only. 
Were the meanest vassal among the men employed there as a milker at a dairy, he 
would feel his situation unpleasant beyond all endurance. 
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Several instances have come under my observation which 
justify the assertion that the disease cannot be propagated by ef- 
fluvia. The first boy whom I inoculated with the matter of cow-pox 
slept ina bed, while the experiment was going forward, with two 
children who never had gone through either that disease or the small- 
pox, without infecting either of them. 

A young woman who had the cow-pox to a great extent, several 
sores which maturated having appeared on the hands and wrists, 
slept in the same bed with a fellow-dairymaid who never had been 
infected with either the cow-pox or the smallpox, but no indisposi- 
tion followed. 

Another instance has occurred of a young woman on whose hands 
were several large suppurations from the cow-pox, who was at the 
same time a daily nurse to an infant, but the complaint was not com- 
municated to the child. 

In some other points of view the inoculation of this disease 
appears preferable to the variolous inoculation. 

In constitutions predisposed to scrophula, how frequently 
we see the inoculated smallpox rouse into activity that distressful 
malady! ‘This circumstance does not seem to depend on the man- 
ner in which the distemper has shewn itself, for it has as fre- 
quently happened among those who have had it mildly as when it 
has appeared in the contrary way. 

There are many who, from some peculiarity in the habit, resist 
the common effects of variolous matter inserted into the skin, and 
who are in consequence haunted through life with the distressing 
idea of being insecure from subsequent infection. A ready mode 
of dissipating anxiety originating from such a cause must now ap- 
pear obvious. And, as we have seen that the constitution may at 
any time be made to feel the febrile attack of cow-pox, might it not, 
in many chronic diseases, be introduced into the system, with the 
probability of affording relief, upon well-known physiological 
principles ? 

Although I say the system may at any time be made to feel 
the febrile attack of cow-pox, yet I have a single instance before me 
where the virus acted locally only, but it is not in the least probable 
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that the same person would resist the action both of the cow-pox 
virus and the variolous. 

Elizabeth Sarfenet lived as a dairymaid at Newpark farm, in 
this parish. All the cows and the servants employed in milking 
had the cow-pox; but this woman, though she had several sores 
upon her fingers, felt no tumours in the axille, nor any general 
indisposition. On being afterwards casually exposed to variolous 
infection, she had the smallpox in a mild way. Hannah Pick, 
another of the dairymaids who was a fellow-servant with Elizabeth 
Sarfenet when the distemper broke out at the farm, was, at the 
same time, infected; but this young woman had not only sores upon 
her hands, but felt herself also much indisposed for a day or two. 
After this, I made several attempts to give her the smallpox by inoc- 
ulation, but they all proved fruitless. From the former case then 
we see that the animal economy is subject to the same laws in one 
disease as the other. 

The following case, which has very lately occurred, renders it 
highly probable that not only the heels of the horse, but other 
parts of the body of that animal, are capable of generating the 
virus which produces the cow-pox. 

An extensive inflammation of the erysipelatous kind appeared 
without any apparent cause upon the upper part of the thigh of a 
sucking colt, the property of Mr. Millet, a farmer at Rockhampton, 
a village near Berkeley. The inflammation continued several 
weeks, and at length terminated in the formation of three or four 
small abscesses. The inflamed parts were fomented, and dressings 
were applied by some of the same persons who were employed in 
milking the cows. The number of cows milked was twenty-four, 
and the whole of them had the cow-pox. The milkers, consisting 
of the farmer’s wife, a man and a maid-servant, were infected by 
the cows. ‘The man-servant had previously gone through the 
smallpox, and felt but little of the cow-pox. The servant maid had 
some years before been infected with the cow-pox, and she also 
felt it now in a slight degree; but the farmer’s wife, who never 
had gone through either of the diseases, felt its effects very severely. 

That the disease produced upon the cows by the colt and from 
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thence conveyed to those who milked them was the true and not the 
spurious cow-pox,* there can be scarcely any room for suspicion; 
yet it would have been more completely satisfactory had the effects 
of variolous matter been ascertained on the farmer’s wife, but there 
was a peculiarity in her situation which prevented my making the 
experiment. @ 

Thus far have I proceeded in an inquiry founded, as it must 
appear, on the basis of experiment; in which, however, conjecture 
has been occasionally admitted in order to present to persons well 
situated for such discussions objects for a more minute investigation. 
In the mean time I shall myself continue to prosecute this inquiry, 
encouraged by the hope of its becoming essentially beneficial to 
mankind. 


* See note (immediately preceding Case I). 


FURTHER OBSERVATIONS ON THE VARIOLE 
VACCINE OR COW-POX 


By EDWARD JENNER, M.D., F.R.S., F.LS., ere. 


PUBLISHED 1799 


16 


To 
C. H. Parry, M.D. 


AT Batu 


My Dear FRIEND: 


The same motives which impelled me to dedicate to you my 
first essay on the Variole Vaccine, induce me to offer you my further 
observations on the same subject. 

I am pleased at seeing the investigation so generally entered into, 
and I hope that the spirit with which this important inquiry will be 
prosecuted may be tempered with that calmness and moderation 
which should ever accompany philosophical researches. 

With the greatest regard, 
I remain, 
Yours very sincerely, 
Epwarp JENNER. 
BERKELEY, GLOUCESTERSHIRE, 
5th April, 1799. 


FURTHER OBSERVATIONS 


Although it has not been in my power to extend the inquiry 
into the causes and effects of the variole vaccine much beyond its 
original limits, yet, perceiving that it is beginning to excite a 
general spirit of investigation, I think it of importance, without 
delay, to communicate such facts as have since occurred, and to 
point out the fallacious sources from whence a disease imitative of 
the true variolz vaccine might arise, with the view of preventing 
those who may inoculate from producing a spurious disease; 
and, further, to enforce the precaution suggested in the former 
treatise on the subject, of subduing the inoculated pustule as soon 
as it has sufficiently produced its influence on the constitution. 
From a want of due discrimination of the real existence of the 
disease, either in the brute or in the human subject, and also of 
that stage of it in which it is capable of producing the change in 
the animal economy which renders it unsusceptible of the con- 
tagion of the smallpox, unpleasant consequences might ensue, the 
source of which, perhaps, might not be suspected by one inex- 
perienced in conducting such experiments. 

My late publication contains a relation of most of the facts which 
had come under my own inspection at the time it was written, inter- 
spersed with some conjectural observations. Since then Dr. G. 
Pearson has established an inquiry into the validity of my principal 
assertion, the result of which cannot but be highly flattering to my 
feelings. It contains not a single case which I think can be called 
an exception to the fact I was so firmly impressed with—that the 
cow-pox protects the human body from the smallpox. I have 
myself received some further confirmations, which shall be sub- 
joined. I have lately also been favoured with a letter from a 
gentleman of great respectability (Dr. Ingenhousz), informing me 


that, on making an inquiry into the subject in the county of Wilts, 
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he discovered that a farmer near Calne had been infected with the 
smallpox after having had the cow-pox, and that the disease in each 
instance was so strongly characterised as to render the facts incon- 
trovertible. The cow-pox, it seems, from the doctor’s information, 
was communicated to the farmer from his cows at the time that 
they gave out an offensive stench from their udders. 

Some other instances have likewise been represented to me of the 
appearance of the disease, apparently marked with its characteristic 
symptoms, and yet that the patients have afterwards had the small- 
pox. On these cases I shall, for the present, suspend any par- 
ticular remarks, but hope that the general observations I have to 
offer in the sequel will prove of sufficient weight to render the idea 
of their ever having had existence, but as cases of spurious cow-pox, 
extremely doubtful. 

Ere I proceed let me be permitted to observe that truth, in this 
and every other physiological inquiry that has occupied my at- 
tention, has ever been the object of my pursuit, and should it appear 
in the present instance that I have been led into error, fond as I 
may appear of the offspring of my labours, I had rather see it perish 
at once than exist and do a public injury. 

I shall proceed to enumerate the sources, or what appear to me 
as such, of a spurious cow-pox. 

First: That arising from pustules on the nipples or udder of 
the cow; which pustules contain no specific virus. 

Secondly: From matter (although originally possessing the 
specific virus) which has suffered a decomposition, either from 
putrefaction or from any other cause less obvious to the senses. 

Thirdly: From matter taken from an ulcer in an advanced stage, 
which ulcer arose from a true cow pock. 

Fourthly: From matter produced on the human skin from con- 
tact with some peculiar morbid matter generated by a horse. 

On these subjects I shall offer some comments: First, to what 
length pustulous diseases of the udder and nipples of the cow may 
extend it is not in my power to determine; but certain it is that 
these parts of the animal are subject to some variety of maladies of 
this nature; and as many of these eruptions (probably all of them) 
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are capable of giving a disease to the human body, would it not be 
discreet for those engaged in this investigation to suspend contro- 
versy and cavil until they can ascertain with precision what is 
and what is not the cow-pox ? 

For example: A farmer who is not conversant with any of these 
maladies, but who may have heard of the cow-pox in general terms, 
may acquaint a neighbouring surgeon that the distemper appears 
athisfarm. The surgeon, eager to make an experiment, takes away 
matter, inoculates, produces a sore, uneasiness in the axilla, and 
perhaps some affection of the system. This is one way in which a 
fallacious idea of security both in the mind of the inoculator and the 
patient may arise; for a disease may thus have been propagated 
from a simple eruption only. 

One of the first objects then of this pursuit, as I have observed, 
should be, to learn how to distinguish with accuracy between 
that peculiar pustule which is the true cow pock, and that which is 
spurious. Until experience has determined this, we view our ob- 
ject through a mist. Let us, for instance, suppose that the small- 
pox and the chicken-pox were at the same time to spread among the 
inhabitants of a country which had never been visited by either of 
these distempers, and where they were quite unknown before: 
what confusion would arise! ‘The resemblance between the symp- 
toms of the eruptive fever and between the pustules in either case 
would be so striking that a patient who had gone through the 
chicken-pox to any extent would feel equally easy with regard to his 
future security from the smallpox as the person who had actually 
passed through that disease. ‘Time and future observation would 
draw the line of distinction. 

So I presume it will be with the cow-pox until it is more generally 
understood. All cavilling, therefore, on the mere report of those 
who tell us they have had this distemper, and are afterwards 
found susceptible of the smallpox, should be suspended. To 
illustrate this I beg leave to give the following history: 

Sarah Merlin, of the parish of Eastington in this county, when 
about thirteen or fourteen years of age lived as a servant with 
farmer Clarke, who kept a dairy consisting of about eighteen cows 
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at Stonehouse, a neighbouring village. The nipples and udders of 
three of the cows were extensively affected with large white blisters. 
These cows the girl milked daily, and at the time she assisted, with 
two others, in milking the rest of the herd. It soon appeared that the 
disease was communicated to the girl. The rest of the cows escaped 
the infection, although they were milked several days after the three 
above specified, had these eruptions on the nipples and udders, and 
even after the girl’s hand became sore. ‘The two others who were 
engaged in milking, although they milked the cows indiscriminately, 
received no injury. On the fingers of each of the girl’s hands there 
appeared several large white blisters—she supposes about three or 
four oneach finger. The hands and arms inflamed and swelled, but 
no constitutional indisposition followed. The sores were anointed 
with some domestic ointment and got well without ulcerating. 

As this malady was called the cow-pox, and recorded as such in 
the mind of the patient, she became regardless of the smallpox; 
but, on being exposed to it some years afterwards she was infected, 
and had a full burthen. 

Now had any one conversant with the habits of the disease heard 
this history, they would have had no hesitation in pronouncing 
it a case of spurious cow-pox; considering its deviation in the 
numerous blisters which appeared on the girl’s hands; their termina- 
tion without ulceration; its not proving more generally contagious 
at the farm, either among the cattle or those employed in milking; 
and considering also that the patient felt no general indisposition, 
although there was so great a number of vesicles. 

This is perhaps the most deceptious form in which an eruptive 
disease can be communicated from the cow, and it certainly re- 
quires some attention in discriminating it. The most perfect cri- 
terion by which the judgment may be guided is perhaps that 
adopted by those who attend infected cattle. These white blisters 
on the nipples, they say, never eat into the fleshy parts like those 
which are commonly of a bluish cast, and which constitute the 
true cow-pox, but that they affect the skin only, quickly end in 
scabs, and are not nearly so infectious. 

That which appeared to me as one cause of spurious eruptions, 
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I have already remarked in the former treatise, namely, the transi- 
tion that the cow makes in the spring from a poor to a nutritious 
diet, and from the udder’s becoming at this time more vascular than 
usual for the supply of milk. But there is another source of in- 
flammation and pustules which I believe is not uncommon in all 
the dairy counties in the west of England. A cow intended to be 
exposed for sale, having naturally a small udder, is previously for 
a day or two neither milked artificially nor is her calf suffered to 
have access to her. Thus the milk is preternaturally accumulated, 
and the udder and nipples become greatly distended. The conse- 
quences frequently are inflammation and eruptions which maturate. 

Whether a disease generated in this way has the power of 
affecting the constitution in any peculiar manner I cannot presume 
positively to determine. It has been conjectured to have been a 
cause of the true cow-pox, though my inquiries have not led me to 
adopt this supposition in any one instance; on the contrary, I have 
known the milkers affected by it, but always found that an affection 
thus induced left the system as susceptible of the smallpox as before. 

What is advanced in my second position I consider also of very 
great importance, and I could wish it to be strongly impressed 
on the minds of all who may be disposed to conclude hastily on my 
observations, whether engaged in their investigation by experiments 
ornot. To place this in its clearest point of view (as the similarity 
between the action of the smallpox and the cow-pox matter is so 
obvious) it will be necessary to consider what we sometimes 
observe to take place in inoculation for the smallpox when im- 
perfect variolous matter is made use of. The concise history on 
this subject that was brought forward respecting what I had ob- 
served in this neighbourhood * I perceive, by a reference since made 
to the Memoirs of the Medical Society of London, may be consid- 
ered as no more than a corroboration of the facts very clearly de- 
tailed by Mr. Kite.t To this copious evidence I have to add still 


* Inquiry into the Causes and Effects of the Variole Vaccine, p. 56 of the orig- 


inal article. 
+ See an account of some anomalous appearances consequent to the inoculation 
of the smallpox, by Charles Kite, Surgeon, of Gravesend, in the Memoirs of the 


Medical Society of London, vol. iv, p. I14. 
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more in the following communications from Mr. Earle, surgeon, of 
Frampton-upon-Severn, in this county, which I deem the more 
valuable, as he has with much candour permitted me to make them 


public: 


OTR 


“T have read with satisfaction your late publication on the 
Variole Vaccine, and being, among many other curious circum- 
stances, particularly struck with that relating to the inefficacy of 
smallpox matter in a particular state, I think it proper to lay be- 
fore you the following facts which came within my own knowledge, 
and which certainly tend to strengthen the opinions advanced in 
pages 56 and 57 of your treatise. 

“In March, 1784, a general inoculation took place at Arlingham 
in this county. I inoculated several patients with active variolous 
matter, all of whom had the disease in a favourable way; but 
the matter being all used, and not being able to procure any more 
in the state I wished, I was under the necessity of taking it from a 
pustule which, experience has since proved, was advanced too far 
to answer the purpose I intended. Of five persons inoculated with 
this last matter, four took the smallpox afterwards in the natural 
way, one of whom died, three recovered, and the other, being cau- 
tioned by me to avoid as much as possible the chance of catching it, 
escaped from the disease through life. He died of another disorder 
about two years ago. 

“Although one of these cases ended unfortunate, yet I cannot 
suppose that any medical man will think me careless or inattentive 
in their management; for I conceive the appearances were such as 
might have induced any one to suppose that the persons were 
perfectly safe from future infection. Inflammation in every case 
took place in the arm, and fever came on with a considerable degree 
of pain in the axilla. In some of their arms the inflammation and 
suppuration were more violent than is commonly observed when 
perfect matter is made use of; in one there was an ulcer which cast 
off several large sloughs. About the ninth day eruptions appeared, 
which died away earlier than common without maturation. From 
these circumstances I should suppose that no medical practitioner 
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would scarcely have entertained a doubt but that these patients had 
been infected with a true smallpox; yet I must confess that some 
small degree of doubt presented itself to me at the speedy dis- 
appearance of the eruptions; and in order, as far as I could, to as- 
certain their safety, I sent one of them to a much older practitioner 
than myself. This gentleman, on hearing the circumstances of the 
case, pronounced the patient perfectly secure from future infection. 

“The following facts are also a striking proof of the truth 
of your observations on this subject: 

“In the year 1789 I inoculated three children of Mr. Coaley, 
of Hurst farm in this county. The arms inflamed properly, fever 
and pain in the axillee came on precisely the same as in the former 
cases, and in ten days eruptions appeared, which disappeared in the 
course of two days. I must observe that the matter here made use 
of was procured for me by a friend; but no doubt it was in an im- 
proper state; for, from the similarity of these cases to those which 
happened at Arlingham five years before, I was somewhat alarmed 
for their safety, and desired to inoculate them again; which being 
permitted, I was particularly careful to procure matter in its most 
perfect state. All the children took the smallpox from this second 
inoculation, and all had a very full burthen. These facts I con- 
ceive strikingly corroborate your opinion relative to the different 
states of matter; for in both instances that I have mentioned it was 
capable of producing something strongly resembling the true small- 
pox, although it afterwards proved not to be so. 

“As I think the communication of these cases is a duty I owe 
to the public, you are at liberty to make what use you please of this 
letter. 

“Tremain, &c., 
“John Earle. 
‘¢ FRAMPTON-UPON SEVERN, GLOUCESTERSHIRE, 
November to, 1798. 

“Pp. §. I think it necessary to observe that I can pronounce, 
with the greatest certainty, that the matter with which the Arling- 
ham patients were inoculated was taken from a true smallpox 
pustule. I took it myself from a subject that had a very full bur- 


then.” 
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Certain then it is that variolous matter may undergo such a 
change from the putrefactive process, as well as from some of the 
more obscure and latent processes of nature, as will render it in- 
capable of giving the smallpox in such a manner as to secure the 
human constitution from future infection, although we see at the 
same time it is capable of exciting a disease which bears so strong a 
resemblance to it as to produce inflammation and matter in the in- 
cised skin (frequently, indeed, more violent than when it produces 
its effects perfectly), swelling of the axillary glands, general indis- 
position, and eruptions. So strongly persuaded was the gentleman, 
whose practice I have mentioned in page 56 of the late treatise, that 
he could produce a mild smallpox by his mode of managing the 
matter, that he spoke of it as a useful discovery until convinced 
of his error by the fatal consequence which ensued. 

After this ought we to be in the smallest degree surprised to find, 
among a great number of individuals who, by living in dairies, have 
been casually exposed to the cow-pox virus when in a state analo- 
gous to that of the smallpox above described, some who may have 
had the disease so imperfectly as not to render them secure from 
variolous attacks? For the matter, when burst from the pustules 
on the nipples of the cow, by being exposed, from its lodgment there, 
to the heat of an inflamed surface, and from being at the same time 
in a situation to be occasionally moistened with milk, is often likely 
to be in a state conducive to putrefaction; and thus, under some 
modification of decomposition, it must, of course, sometimes find 
access to the hand of the milker in such a way as to infect him. 
What confusion should we have were there no other mode of inocu- 
lating the smallpox than such as would happen from handling 
the diseased skin of a person labouring under that distemper 
in some of its advanced and loathsome stages! It must be observed 
that every case of cow-pox in the human species, whether com- 
municated by design or otherwise, is to be considered as a case of 
inoculation. And here I may be allowed to make an observation 
on the case of the farmer communicated to me by Dr. Ingenhousz. 
That he was exposed to the matter when it had undergone the putre- 
factive change is highly probable from the doctor’s observing 
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that the sick cows at the farm gave out an offensive stench from their 
udders. However, I must remark that it is unusual for cattle to 
suffer to such an extent, when disordered with the cow-pox, as to 
make a bystander sensible of any ill smell. I have often stood 
among a herd which had the distemper without being conscious of its 
presence from any particular effluvia. Indeed, in this neighbour- 
hood it commonly receives an early check from escharotic applica- 
tions of the cow leech. It has been conceived to be contagious with- 
out contact; but this idea cannot be well founded because the cattle 
in one meadow do not infect those in another (although there may 
be no other partition than a hedge) unless they be handled or milked 
by those who bring the infectious matter with them; and, of course, 
the smallest particle imaginable, when applied to a part sus- 
ceptible of its influence, may produce the effect. Among the 
human species it appears to be very clear that the disease is pro- 
duced by contact only. All my attempts, at least, to communicate 
it by effluvia have hitherto proved inefféctual. 

As well as the perfect change from that state in which variolous 
matter is capable of producing full and decisive effects on the con- 
stitution, to that wherein its specific properties are entirely lost, it 
may reasonably be supposed that it is capable of undergoing a 
variety of intermediate changes. The following singular occur- 
rences in ten cases of inoculation, obligingly communicated to me 
by Mr. Trye, Senior Surgeon to the Infirmary at Glocester, seem to 
indicate that the variolous matter, previously to its being taken from 
the patient for the intended purpose, was beginning to part with 
some of its original properties, or, in other words, that it had 
suffered a partial decomposition. Mr. Trye says: “I inoculated 
ten children with matter taken at one time and from the same sub- 
ject. I observed no peculiarity in any of them previously to their 
inoculation, nor did any thing remarkable appear in their arms till 
after the decline of the disease. Two infants of three months old 
had erysipelas about the incisions, in one of them extending from 
the shoulders to the fingers’ ends. Another infant had abscesses in 
the cellular substance in the neighbourhood of the incisions, and 
five or six of the rest had axillary abscesses. The matter was taken 
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from the distinct smallpox late in its progress, and when some pus- 
tules had been dried. It was received upon glass and slowly 
dried by the fire. All the children had pustules which maturated, 
so that I suppose them all secure from future infection; at least, 
as secure as any others whom I have ever inoculated. My practice 
never afforded a sore arm before.” 

In regard to my former observation on the improper and dan- 
gerous mode of preserving variolous matter, I shall here remark that 
it seems not to have been clearly understood. Finding that it has 
been confounded with the more eligible modes of preservation, I will 
explain myself further. When the matter is taken from a fit pus- 
tule and properly prepared for preservation, it may certainly be 
kept without losing its specific properties a great length of time; 
for instance, when it is previously dried in the open air on some com- 
pact body, as a quill or a piece of glass, and afterwards secured in a 
small vial.* But when kept several days in a state of moisture, and 
during that time exposed to a warm temperature, I do not think it 
can be relied upon as capable of giving a perfect disease, although, as 
I have before observed, the progress of the symptoms arising from 
the action of the imperfect matter bear so strong a resemblance to 
the smallpox when excited completely. 

Thirdly. That the first formed virus, or what constitutes the 
true cow-pox pustule, invariably possesses the power I have ascribed 
to it, namely, that of affecting the constitution with a specific disease, 
is a truth that no subsequent occurrence has yet led me to doubt. 
But as I am now endeavouring to guard the public as much as pos- 
sible against erroneous conclusions, I shall observe that when this 
pustule has degenerated into an ulcer (to which state it is often dis- 
posed to pass unless timely checked), I suspect that matter possess- 
ing very different properties may sooner or later be produced; and 
although it may have passed that stage wherein the specific proper- 
ties of the matter secreted are no longer present in it, yet when 
applied to a sore (as in the casual way) it might dispose that sore to 
ulcerate, and from its irritation the system would probably become 


* Thus prepared, the cow-pox virus was found perfectly active, and possessing 
all its specific properties, at the end of three months. 
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affected; and thus, by assuming some of its strongest characters, it 
would imitate the genuine cow-pox. 

From the preceding observations on the matter of smallpox 
when decomposed it must, I conceive, be admitted that COW-pox 
matter in the state now described may produce a disease, the effects 
of which may be felt both locally and generally, yet that the disease 
thus induced may not be effectual in obviating the future effects of 
variolous contagion. In the case of Mary Miller, related by Mr. 
Kite in the volume above alluded to, it appears that the inflamma- 
tion and suppuration of the inoculated arm were more than usually 
severe, although the system underwent no specific change from the 
action of the virus; which appears from the patient’s sickening 
seven weeks afterwards with the natural smallpox, which went 
through its course. Some of the cases communicated by Mr. 
Earle tend further to confirm this fact, as the matter there mani- 
festly produced ulceration on the inoculated part to a considerable 
extent. 

Fourthly. Whether the cow-pox is a spontaneous disease in the 
cow, or is to be attributed to matter conveyed to the animal, as I 
have conceived, from the horse, is a question which, though I shall 
not attempt now fully to discuss, yet I shall digress so far as to 
adduce some further observations, and to give my reasons more at 
large for taking up an opinion that to some had appeared fanciful. 
The aggregate of these observations, though not amounting to posi- 
tive proof, forms presumptive evidence of so forcible a kind that 
I imagine it might, on any other person, have made the same im- 
pression it did on me, without fixing the imputation of credulity. 

First: I conceived this was the source, from observing that 
where the cow-pox had appeared among the dairies here (unless it 
could be traced to the introduction of an infected cow or servant) 
it had been preceded at the farm by a horse diseased in the manner 
already described, which horse had been attended by some of the 
milkers. 

Secondly: From its being a popular opinion throughout this 
great dairy country, and from its being insisted on by those who here 
attend sick cattle. 
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Thirdly: From the total absence of the disease in Ireland and 
Scotland, where the men-servants are not employed in the dairies. * 

Fourthly: From having observed that morbid matter generated 
by the horse frequently communicates, in a casual way, a disease to 
the human subject so like the cow-pox that, in many cases, it would 
be difficult to make the distinction between one and the other.t” 

Fifthly: From being induced to suppose, from experiments, 
that some of those who had been thus affected from the horse re- 
sisted the smallpox. 

Sixthly: From the progress and general appearance of the pustule 
on the arm of the boy whom I inoculated with matter taken from 
the hand of a man infected by a horse; and from the similarity to 
the cow-pox of general constitutional symptoms which followed.{ 


I fear it would be trespassing too far to adduce the general 
testimony of our farmers in support of this opinion; yet I beg leave 
to introduce an extract of a letter on this subject from the Rev. Mr. 
Moore, of Chalford Hill, in this county: 

“In the month of November, 1797, my horse had diseased heels, 
which was certainly what is termed the grease; and at a short sub- 
sequent period my cow was also affected with what a neighbouring 
farmer (who was conversant with the complaints of cattle) pro- 
nounced to be the cow-pox, which he at the same time observed my 
servant would be infected with: and this proved to be the case; 
for he had eruptions on his hands, face, and many parts of the 
body, the pustules appearing large, and not much like the small- 
pox, for which he had been inoculated a year and a half before, and 


* This information was communicated to me from the first authority. 


{ The sound skin does not appear to be susceptible of this virus when inserted 
into it, but, when previously diseased from little accidents, its effects are often 
conspicuous. 

¢ This case (on which I laid no inconsiderable stress in my late treatise, as 
presumptive evidence of the fact adduced) seems to have been either mistaken or 
overlooked by those who have commented upon it. (See Case XVIII, p. 36.) 
The boy, unfortunately, died of a fever at a parish workhouse before I had an 
opportunity of observing what effects would have been produced by the matter 
of smallpox. 
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had then a very heavy burthen. The pustules on the face might 
arise from contact with his hands, as he had a habit of rubbing his 
forehead, where the sores were the largest and the thickest. 

“The boy associated with the farmer’s sons during the contin- 
uance of the disease, neither of whom had had the smallpox, but 
they felt no ill effects whatever. He was not much indisposed, as 
the disease did not prevent him from following his occupations as 
usual. No other person attended the horse or milked the cow but 
the lad above mentioned. I am firmly of opinion that the disease in 
the heels of the horse, which was a virulent grease, was the origin of 
the servant’s and the cow’s malady.” 

But to return to the more immediate object of this proposition. 

From the similarity of symptoms, both constitutional and local, 
between the cow-pox and the disease received from morbid matter 
generated by a horse, the common people in this neighbourhood, 
when infected with this disease, through a strange perversion of 
terms, frequently call it the cow-pox. Let us suppose, then, such a 
malady to appear among some of the servants at a farm, and at the 
same time that the cow-pox were to break out among the cattle; 
and let us suppose, too, that some of the servants were infected in 
this way, and that others received the infection from the cows. It 
would be recorded at the farm, and among the servants themselves 
wherever they might afterwards be dispersed, that they had all had 
the cow-pox. But it is clear that an individual thus infected from 
the horse would neither be for a certainty secure himself, nor would 
he impart security to others were they inoculated by virus thus 
generated. He still would be in danger of taking the smallpox. 
Yet were this to happen before the nature of the cow-pox be more 
maturely considered by the public my evidence on the subject 
might be depreciated unjustly. For an exemplification of what is 
here advanced relative to the nature of the infection when received 
directly from the horse see Inquiry into the Causes and Effects of 
the Variole Vaccine, pp. 27, 28, 29, 30, and p. 35; and by way of 
further example, I beg leave to subjoin the following intelligence re- 
ceived from Mr. Fewster, Surgeon, of Thornbury, in this county, a 
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gentleman perfectly well acquainted with the appearances of the 
cow-pox on the human subject: 

‘William Morris, aged thirty-two, servant to Mr. Cox of Al- 
mondsbury, in this county, applied to me the 2d of April, 1798. 
He told me that, four days before, he found a stiffness and swelling 
in both his hands, which were so painful it was with difficulty he 
continued his work; that he had been seized with pain in his head, 
small of the back, and limbs, and with frequent chilly fits succeeded 
by fever. On examination I found him still affected with these 
symptoms, and that there wasa great prostration of strength. Many 
parts of his hands on the inside were chapped, and on the middle 
joint of the thumb of the right hand there was a small phagedenic 
ulcer, about the size of a large pea, discharging an ichorous fluid. 
On the middle finger of the same hand there was another ulcer of a 
similar kind. These sores were of a circular form, and he described 
their first appearance as being somewhat like blisters arising from a 
burn. He complained of excessive pain, which extended up his arm 
into the axilla. These symptoms and apperances of the sores were 
so exactly like the cow-pox that I pronounced he had taken the 
distemper from milking cows. He assured me he had not milked a 
cow for more than half a year, and that his master’s cows had noth- 
ing the matter with them. I then asked him if his master had a 
greasy horse, which he answered in the affirmative, and further said 
that he had constantly dressed him twice a day for the last three 
weeks or more, and remarkad that the smell of his hands was much 
like that of the horses’s heels. On the 5th of April I again saw him, 
and found him still complaining of pain in both hands, nor were his 
febrile symptoms at all relieved. The ulcers had now spread to the 
size of a seven-shilling gold coin, and another ulcer, which I had not 
noticed before, appeared on the first joint of the forefinger of the 
left hand, equally painful with that on the right. I ordered him to 
bathe his hands in warm bran and water, applied escharotics to the 
ulcers, and wrapped his hands up in a soft cataplasm. The next 
day he was much relieved, and in something more than a fortnight 
got well. He lost his nails from the thumb and fingers that were 
ulcerated.” 
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The sudden disappearance of the symptoms in this case after 
the application of the escharotics to the sores is worthy of obser- 
vation; it seems to show that they were kept up by the irritation 
of the ulcers. 

The general symptoms which I have already described of the 
cow-pox, when communicated in a casual way to any great extent, 
will, I am convinced, from the many cases I have seen, be found 
accurate; but from the very slight indisposition which ensues in 
cases of inoculation, where the pustule, after affecting the constitu- 
tion, quickly runs into a scab spontaneously, or is artificially sup- 
pressed by some proper application, I am “induced to believe that 
the violence of the symptoms may be ascribed to the inflammation and 
irritation of the ulcers (when ulceration takes place to any extent, as 
in the casual cow-pox), and that the constitutional symptoms which 
appear during the presence of the sore, while it assumes the char- 
acter of a pustule only, are felt but in a very trifling degree. This 
mild affection of the system happens when the disease makes but a 
slight local impression on those who have been accidentally infected 
by cows; and, as far as I have seen, it has uniformly happened 
among those who have been inoculated, when a pustule only and no 
great degree of inflammation or any ulceration has taken place 
from the inoculation. The following cases will strengthen this 
opinion. 

The cow-pox appeared at a farm in the village of Stonehouse, in 
this county, about Michaelmas last, and continued gradually 
to pass from one cow to another till the end of November. On the 
twenty-sixth of that month some ichorous matter was taken from a 
cow and dried upon a quill. On the 2d of December some of it was 
inserted into a scratch, made so superficial that no blood appeared, 
on the arm of Susan Phipps, a child seven years old. ‘The common 
inflammatory appearances took place in consequence, and ad- 
vanced till the fifth day, when they had so much subsided that I did 
not conceive any thing further would ensue. 

6th: Appearances stationary. 

7th: The inflammation began to advance. 

8th: A vesication, perceptible on the edges, forming, as in the 
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inoculated smallpox, an appearance not unlike a grain of wheat, 
with the cleft or indentation in the centre. 

9th: Pain in the axilla. 

10th: A little headache; pulse, 110; tongue not discoloured; 
countenance in health. 

11th, 12th: No perceptible illness; pulse about 100. 

13th: The pustule was now surrounded by an efflorescence, in- 
terspersed with very minute confluent pustules to the extent of 
about an inch. Some of these pustules advanced in size and 
maturated. So exact was the resemblance of the arm at this stage 
to the general appearance of the inoculated smallpox that Mr. 
D, a neighbouring surgeon, who took some matter from it, and who 
had never seen the cow-pox before, declared he could not perceive 
any difference.* The child’s arm now shewed a disposition to 
scab, and remained nearly stationary for two or three days, when it 
began to run into an ulcerous state, and then commenced a febrile 
indisposition accompanied with an increase of axillary tumour. 
The ulcer continued spreading near a week, during which time the 
child continued ill, when it increased to a size nearly as large as a 
shilling. It began now to discharge pus; granulations sprang up, 
and it healed. ‘This child had before been of a remarkably sickly 
constitution, but is now in very high health. 

Mary Hearn, twelve years of age, was inoculated with matter 
taken from the arm of Susan Phipps. 

6th day: A pustule beginning to appear, slight pain in the 
axilla. 

7th: A distinct vesicle formed. 

8th: The vesicle increasing; edges very red; no deviation 
in its appearance at this time from the inoculated smallpox. 


* That the cow-pox was a supposed guardian of the constitution from the action 
of the smallpox has been a prevalent idea for a long time past; but the similarity 
in the constitutional effects between one disease and the other could never have 
been so accurately observed had not the inoculation of the cow-pox placed it in a 
new and stronger point of view. This practice, too, has shewn us, what before 
lay concealed, the rise and progress of the pustule formed by the insertion of the 
virus, which places in a most conspicuous light its striking resemblance to the 
pustule formed from the inoculated smallpox. 
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9th: No indisposition; pustule advancing. 

10th: The patient felt this evening a slight febrile attack. 

11th: Free from indisposition. 

12th, 13th: The same. 

14th: An efflorescence of a faint red colour extending several 
inches round the arm. The pustule, beginning to shew a dis- 
position to spread, was dressed with an ointment composed of 
hydrarg.nit.rub.andung.cere. The efflorescence itself was covered 
with a plaster of ung. hydr. jort. In six hours it was examined, 
when is was found that the efflorescence had totally disappeared. 

The application of the ointment with the hydr. nit. rub. was made 
use of for three days, when, the state of the pustule remaining 
stationary, it was exchanged for the ung. hydr. nit. This ap- 
peared to have a more active effect than the former, and in two or 
three days the virus seemed to be subdued, when a simple dress- 
ing was made use of; but the sore again shewing a disposition to 
inflame, the ung. hydr. nit. was again applied, and soon answered 
the intended purpose effectually. ‘The girl, after the tenth day, 
when, as has been observed, she became a little ill, shewed not the 
least symptom of indisposition. She was afterwards exposed to 
the action of variolous matter, and completely resisted it. Susan 
Phipps also went through a similar trial. Conceiving these cases 
to be important, I have given them in detail: first, to urge the pre- 
caution of using such means as may stop the progress of the pustule; 
and, secondly, to point out (what appears to be the fact) that the 
most material indisposition, or at least that which is felt most sen- 
sibly, does not arise primarily from the first action of the virus on 
the constitution, but that it often comes on, tf the pustule ts left to 
chance, as a secondary disease. 'This leads me to conjecture, what 
experiment must finally determine, that they who have had the 
smallpox are not afterwards susceptible of the primary action of the 
cow-pox virus; for seeing that the simple virus itself, when it has 
not passed beyond the boundary of a vesicle, excites in the system 
so little commotion, is it not probable the trifling illness thus in- 
duced may be lost in that which so quickly, and oftentimes so 
severely, follows in the casual cow-pox from the presence of corrod- 
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ing ulcers? This consideration induces me to suppose that I may 
have been mistaken in my former observation on this subject. 

In this respect, as well as many others, a parallel may be drawn 
between this disease and the smallpox. In the latter, the patient 
first feels the effect of what is called the absorption of the virus. 
The symptoms then often nearly retire, when a fresh attack 
commences, different from the first, and the illness keeps pace with 
the progress of the pustules through their different stages of matura- 
tion, ulceration, etc. 

Although the application I have mentioned in the case of Mary 
Hearn proved sufficient to check the progress of ulceration and 
prevent any secondary symptoms, yet, after the pustule has duly 
exerted its influence, I should prefer the destroying it quickly and 
effectually to any other mode. The term caustic to a tender ear 
(and I conceive none feel more interested in this inquiry than the 
anxious guardians of a nursery) may sound harsh and unpleasing, 
but every solicitude that may arise on this account will no longer 
exist when it is understood that the pustule, in a state fit to be acted 
upon, is then quite superficial, and that it does not occupy the space 
of a silver penny.* 

As a proof of the efficacy of this practice, even before the virus 
has fully exerted itself on the system, I shall lay before my reader 
the following history: 

By a reference to the treatise on the Variole Vaccine it will be 
seen that, in the month of April, 1798, four children were inoculated 
with the matter of cow-pox, and that in two of these cases the virus 
on the arm was destroyed soon after it had produced a perceptible 
sickening. Mary James, aged seven years, one of the children 
alluded to, was inoculated in the month of December following 
with fresh variolous matter, and at the same time was exposed to 
the effluvia of a patient affected with the smallpox. The ap- 
pearance and progress of the infected arm was, in every respect, 


*I mention escharotics for stopping the progress of the pustule because I am 
acquainted with their efficacy; probably more simple means might answer the 


purpose quite as well, such as might be found among the mineral and vegetable 
astringents. 
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similar to that which we generally observe when variolous matter 
has been inserted into the skin of a person who has not previously 
undergone either the cow-pox or the smallpox. On the eighth day, 
conceiving there was infection in it, she was removed from her 
residence among those had not had the smallpox. I was now anxi- 
ously waiting the result, conceiving, from the state of the girl’s 
arm, she would fall sick about this time. On visiting her on the 
evening of the following day (the ninth) all I could learn from the 
woman who attended her was that she felt somewhat hotter than 
usual during the night, but was not restless; and that in the 
morning there was the faint appearance of a rash about her wrists. 
This went off in a few hours, and was not at all perceptible to me on 
my visit in the evening. Not a single eruption appeared, the skin 
having been repeatedly and carefully examined. The inoculated 
arm continued to make the usual progress to the end, through 
all the stages of inflammation, maturation, and scabbing. 

On the eighth day matter was taken from the arm of this girl 
(Mary James) and inserted into the arms of her mother and 
brother (neither of whom had had either the smallpox or the 
cow-pox), the former about fifty years of age, the latter six. 

On the eighth day after the insertion the boy felt indisposed, and 
continued unwell two days, when a measles-like rash appeared on 
his hands and wrists, and was thinly scattered over his arms. 
The day following his body was marbled over with an appearance 
somewhat similar, but he did not complain, nor did he appear 
indisposed. A few pustules now appeared, the greater part of 
which went away without maturating. 

On the ninth day the mother began to complain. She was a 
little chilly and had a headache for two days, but no pustule ap- 
peared on the skin, nor had she any appearance of a rash. 

The family was attended by an elderly woman as a nurse, who 
in her infancy had been exposed to the contagion of the smallpox, 
but had resisted it. This woman was now infected, but had the 
disease in the slightest manner, a very few eruptions appearing, 
two or three of which only maturated. 

From a solitary instance like that adduced of Mary James, 
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whose constitution appears to have resisted the action of the vario- 
lous virus, after the influence of the cow-pox virus had been so soon 
arrested in its progress, no positive conclusion can be fairly drawn; 
nor from the history of the three other patients who were subse- 
quently infected, but, nevertheless, the facts collectively may be 
deemed interesting. 

That one mild variety of the smallpox has appeared I have 
already plainly shewn*; and by the means now mentioned we 
probably have it in our power to produce at will another. 

At the time when the pustule was destroyed in the arm of Mary 
James I was informed she had been indisposed about twelve hours; 
but I am now assured by those who were with her that the space of 
time was much less. Be that as it may, in cases of cow-pox inocula- 
tion I would not recommend any application to subdue the action of 
the pustule until convincing proofs had appeared of the patient’s 
having felt its effects at least twelve hours. No harm, indeed, could 
ensue were a longer period to elapse before the application was 
made use of. In short, it should be suffered to have as full an 
effect as it could, consistently with the state of the arm. 

As the cases of inoculation multiply, I am more and more con- 
vinced of the extreme mildness of the symptoms arising merely from 
the primary action of the virus on the constitution, and that those 
symptoms which, as in the accidental cow-pox, affect the patient 
with severity, are entirely secondary, excited by the irritating pro- 
cesses of inflammation and ulceration; and it appears to me that 
this singular virus possesses an irritating quality of a peculiar kind, 
but as a single cow-pox pustule is all that is necessary to render the 
variolous virus ineffectual, and as we possess the means of allaying 
the irritation, should any arise, it becomes of little or no conse- 
quence. 

It appears then, as far as an inference can be drawn from the 
present progress of cow-pox inoculation, that it is an accidental 
circumstance only which can render this a violent disease, and a 
circumstance of that nature which, fortunately, it is in the power of 


* See Inquiry into the Causes and Effects of the Variole Vaccine, p. 54 (of 
original article). 
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almost every one to avoid. I allude to the communication of the 
disease from cows. In this case, should the hands of the milker be 
affected with little accidental sores to any extent, every sore would 
become the nidus of infection and feel the influence of the virus; 
and the degree of violence in the constitutional symptoms would be 
in proportion to the number and to the state of these local affections. 
Hence it follows that a person, either by accident or design, might 
be so filled with these wounds from contact with the virus that the 
constitution might sink under the pressure. 

Seeing that we possess the means of rendering the action of the 
sores mild, which, when left to chance, are capable of producing 
violent effects; and seeing, too, that these sores bear a resemblance 
to the smallpox, especially the confluent, should it not encourage 
the hope that some topical application might be used with advan- 
tage to counteract the fatal tendency of that disease, when it appears 
in this terrific form? At what stage or stages of the disease this 
may be done with the most promising expectation of success I will 
not pretend now to determine. I only throw out this idea as the 
basis of further reasoning and experiment. 

I have often been foiled in my endeavours to communicate the 
cow-pox by inoculation. An inflammation will sometimes succeed 
the scratch or puncture, and in a few days disappear without pro- 
ducing any further effect. Sometimes it will even produce an 
ichorous fluid, and yet the system will not be affected. The same 
thing we know happens with the smallpox virus. 

Four or five servants were inoculated at a farm contiguous to this 
place, last summer, with matter just taken from an infected cow. 
A little inflammation appeared on all their arms, but died away 
without producing a pustule; yet all these servants caught the 
disease within a month afterwards from milking the infected cows, 
and some of them had it severely. At present no other mode than 
that commonly practiced for inoculating the smallpox has been 
used for giving the cow-pox; but it is probable this might be 
varied with advantage. We should imitate the casual communica- 
tion more clearly were the first, by making the smallest superficial 
incision or puncture on the skin, to produce a little scab, and then, 
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removing it, to touch the abraded part with the virus. A small 
portion of a thread imbrued in the virus (as in the old method of 
inoculating the smallpox) and laid upon the slightly incised skin 
might probably prove a successful way of giving the disease; 
or the cutis might be exposed in a minute point by an atom of 
blistering plaster, and the virus brought in contact with it: a En 
the cases just alluded to, where I.did not succeed in giving the 
disease constitutionally, the experiment was made with matter 
taken in a purulent state from a pustule on the nipple of a cow. 

Is pure pus, though contained in a smallpox pustule, ever capable 
of producing the smallpox perfectly? I suspect it is not. Let us 
consider that it is always preceded by the limpid fluid, which, 
in constitutions susceptible of variolous contagion, is always infec- 
tious; and though, on opening a pustule, its contents may appear 
perfectly purulent, yet a given quantity of the limpid fluid may, at 
the same time, be blended with it, though it would be imperceptible 
to the only test of our senses, the eye. The presence, then, of this 
fluid, or its mechanical diffusion through pus, may at all times 
render active what is apparently mere pus, while its total absence 
(as in stale pustules) may be attended with the imperfect effects we 
have seen. 

It would be digressing too widely to go far into the doctrine 
of secretion, but as it will not be quite extraneous, I shall just 
observe that I consider both the pus and the limpid fluid of the 
pustule as secretions, but that the organs established by nature to 
perform the office of secreting these fluids may differ essentially 
in their mechanical structure. What but a difference in the or- 
ganization of glandular bodies constitutes the difference in the 
qualities of the fluids secreted? From some peculiar derangement 
in the structure or, in other words, some deviation in the natural 
action of a gland destined to create a mild, innoxious fluid, a poison 
of the most deadly nature may be created; for example: That 
gland, which in its sound state secretes pure saliva, may, from being 
thrown into diseased action, produce a poison of the most destruc- 
tive quality. Nature appears to have no more difficulty in forming 
minute glands among the vascular parts of the body than she has in 
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forming blood vessels, and millions of these can be called into exist- 
ence, when inflammation is excited, in a few hours.* 

In the present early stage of the inquiry (for early it certainly 
must be deemed), before we know for an absolute certainty how 
soon the virus of the cow-pox may suffer a change in its specific 
properties, after it has quitted the limpid state it possesses when 
forming a pustule, it would be prudent for those who have been 
inoculated with it to submit to variolous inoculation. No injury 
or inconvenience can accrue from this; and were the same method 
practiced among those who, from inoculation, have felt the small- 
pox in an unsatisfactory manner at any period of their lives, it 
might appear that I had not been too officious in offering a cau- 
tionary hint in recommending a second inoculation with matter 
in its most perfect state. 

And here let me suppose, for argument’s sake (not from con- 
viction), that one person in an hundred after having had the cow- 
pox should be found susceptible of the smallpox, would this 
invalidate the utility of the practice? For, waiving all other con- 
siderations, who will deny that the inoculated smallpox, although 
abstractedly it may be considered as harmless, does not involve 
in itself something that in numberless instances proves baneful 
to the human frame. 

That in delicate constitutions it sometimes excites scrofula 
is a fact that must generally be subscribed to, as it is so obvious to 
common observation. ‘This consideration is important. 

As the effects of the smallpox inoculation on those who have 
had the cow-pox will be watched with the most scrupulous eye by 
those who prosecute this inquiry, it may be proper to bring to their 
recollection some facts relative to the smallpox, which I must 
consider here as of consequence, but which hitherto seem not to 
have made a due impression. 

It should be remembered that the constitution cannot, by pre- 
vious infection, be rendered totally unsusceptible of the variolous 
poison; neither the casual nor the inoculated smallpox, whether 


* Mr. Home, in his excellent dissertation on pus and mucus, justifies this asser- 
tion. 
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it produces the disease in a mild or in a violent way, can perfectly 
extinguish the susceptibility. The skin, we know, is ever ready 
to exhibit, though often in a very limited degree, the effects of the 
poison when inserted there; and how frequently do we see, among 
nurses, when much exposed to the contagion, eruptions, and these 
sometimes preceded by sensible illness! yet should any thing like 
an eruption appear, or the smallest degree of indisposition, upon 
the insertion of the variolous matter on those who have gone through 
the cow-pox, my assertions respecting the peculiarities of the dis- 
ease might be unjustly discredited. 

I know a gentleman who, many years ago, was inoculated for 
the smallpox, but having no pustules, or scarcely any constitutional 
affection that was perceptible, he was dissatisfied, and has since 
been repeatedly inoculated. A vesicle has always been produced 
in the arm in consequence, with axillary swelling and a slight 
indisposition; this is by no means a rare occurrence. It is pro- 
bable that a fluid thus excited upon the skin would always pro- 
duce the smallpox. 

On the arm of a person who had gone through the cow-pox 
many years before I once produced a vesication by the insertion 
of variolous matter, and, with a little of the fluid, inoculated a 
young woman who had a mild, but very efficacious, smallpox in 
consequence, although no constitutional effect was produced on 
the patient from whom the matter was taken, The following 
communication from Mr. Fewster affords a still clearer elucida- 
tion of this fact. Mr. Fewster says: “On the 3d of April, 1797, 
I inoculated Master H. , aged fourteen months, for the small- 
pox. At the usual time he sickened, had a plentiful eruption, 
particularly on his face, and got well. His nursemaid, aged 
twenty-four, had many years before gone through the smallpox, 
in the natural way, which was evident from her being much pitted 
with it. She had used the child to sleep on her left arm, with her 
left cheek in contact with his face, and during his inoculation he 
had mostly slept in that manner. About a week after the child 
got well she (the nurse) desired me to look at her face, which she 
said was very painful. There was a plentiful eruption on the left 
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cheek, but not on any other part of the body, which went on to matu- 
ration. 

“On enquiry I found that three days before the appearance of 
the eruption she was taken with slight chilly fits, pain in her head 
and limbs, and some fever. On the appearance of the eruption 
these pains went off, and now, the second day of the eruption, she 
complains of a little sore throat. Whether the above symptoms 
are the effects of the smallpox or a recent cold I do not know. 
On the fifth day of the eruption I charged a lancet from two of 
the pustules, and on the next day I inoculated two children, one 
two years, the other four months, old, with the matter. At the 
same time I inoculated the mother and eldest sister with variolous 
matter taken from Master H——. On the fifth day of their inocu- 
lation all their arms were inflamed alike; and on the eighth day 
the eldest of those inoculated from the nurse sickened, and the young- 
est on the eleventh. They had both a plentiful eruption, from 
which I inoculated several others, who had the disease very favoura- 
bly. ‘The mother and the other child sickened about the same 
time, and likewise had a plentiful eruption. 

- “Soon after, a man in the village sickened with the smallpox 
and had a confluent kind. ‘To be convinced that the children had 
had the disease effectually I took them to his house and inoculated 
them in both arms with matter taken from him, but without effect.”’ 

These are not brought forward as uncommon occurrences, but 
as exemplifications of the human system’s susceptibility of the 
variolous contagion, although it has been previously sensible of its 
action. 

Happy is it for mankind that the appearance of the smallpox 
a second time on the same person, beyond a trivial extent, is so 
extremely rare that it is looked upon as a phcenomenon! Indeed, 
since the publication of Dr. Heberden’s paper on the Varicelle, or 
chicken-pox, the idea of such an occurrence, in deference to authority 
so truly respectable, has been generally relinquished. This I 
conceive has been without just reason; for after we have seen, 
among many others, so strong a case as that recorded by Mr. 
Edward Withers, Surgeon, of Newbury, Berks, in the fourth 
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volume of the Memoirs of the Medical Society of London (from 
which I take the following extracts), no one, I think, will again 
doubt the fact. 

“Mr. Richard Langford, a farmer of West Shefford, in this 
county (Berks), about fifty years of age, when about a month old 
had the smallpox at a time when three others of the family had 
the same disease, one of whom, a servant man, died of it. Mr. 
Langford’s countenance was strongly indicative of the malignity 
of the distemper, his face being so remarkably pitted and seamed 
as to attract the notice of all who saw him, so that no one could 
entertain a doubt of his having had that disease in a most inveterate 
manner.”” Mr. Withers proceeds to state that Mr. Langford was 
seized a second time, had a bad confluent smallpox, and died on 
the twenty-first day from the seizure; and that four of the family, 
as also a sister of the patient’s, to whom the disease was conveyed 
by her son’s visiting his uncle, falling down with the smallpox, 
fully satisfied the country with regard to the nature of the disease, 
which nothing short of this would have done; the sister died. 

“This case was thought so extraordinary a one as to induce 
the rector of the parish to record the particulars in the parish 
register.” 

It is singular that in most cases of this kind the disease in the 
first instance has been confluent; so that the extent of the ulcera- 
tion on the skin (as in the cow-pox) is not the process in nature 
which affords security to the constitution. 

As the subject of the smallpox is so interwoven with that which 
is the more immediate object of my present concern, it must plead 
my excuse for so often introducing it. At present it must be con- 
sidered as a distemper not well understood. The inquiry I have 
instituted into the nature of the cow-pox will probably promote 
its more perfect investigation. 

The inquiry of Dr. Pearson into the history of the cow-pox 
having produced so great a number of attestations in favour of my 
assertion that it proves a protection to the human body from the 
smallpox, I have not been assiduous in seeking for more; but as 
some of my friends have been so good as to communicate the 
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following, I shall conclude these observations with their inser- 
tion. 

Extract of a letter from Mr. Drake, Surgeon, at Stroud, in this 
county, and late Surgeon to the North Gloucester Regiment of 
Militia: 

“In the spring of the year 1796 I inoculated men, women, and 
children to the amount of about seventy. Many of the men did 
not receive the infection, although inoculated at least three times 
and kept in the same room with those who actually underwent 
the disease during the whole time occupied by them in passing 
through it. Being anxious they should, in future, be secure against 
it, I was very particular in my inquiries to find out whether they 
ever had previously had it, or at any time been in the neighbourhood 
of people labouring under it. But, after all, the only satisfactory 
information I could obtain was that they had had the cow-pox. 
As I was then ignorant of such a disease affecting the human 
subject, I flattered myself what they imagined to be the cow-pox 
was in reality the smallpox in a very slight degree. I mentioned 
the circumstance in the presence of the officers, at the time express- 
ing my doubts if it were not smallpox, and was not a little sur- 
prised when I was told by the Colonel that he had frequently 
heard you mention the cow-pox as a disease endemial to Glouces- 
tershire, and that if a person were ever affected by it, you supposed 
him afterwards secure from the smallpox. This excited my 
curiosity, and when I visited Gloucestershire I was very inquisi- 
tive concerning the subject, and from the information I have since 
received, both from your publication and from conversation with 
medical men of the greatest accuracy in their observations, I am 
fully convinced that what the men supposed to be cow-pox was 
actually so, and I can safely affirm that they effectually resisted 
the smallpox.” 

Mr. Fry, Surgeon, at Dursley in this county, favours me with 
the following communication: 

“During the spring of the year 1797 I inoculated fourteen 
hundred and seventy-five patients, of all ages, from a fortnight 
old to seventy years; amongst whom there were many who had 
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previously gone through the cow-pox. The exact number I cannot 
state; but if I say there were nearly thirty, I am certainly within 
the number. There was not a single instance of the variolous 
matter producing any constitutional effect on these people, nor 
any greater degree of local inflammation than it would have done in 
the arm of a person who had before gone through the smallpox, 
notwithstanding it was invariably inserted four, five, and sometimes 
six different times, to satisfy the minds of the patients. In the 
common course of inoculation previous to the general one scarcely 
a year passed without my meeting with one or two instances of 
persons who had gone through the cow-pox, resisting the action of 
the variolous contagion. I may fairly say that the number of 
people I have seen inoculated with the smallpox who, at former 
periods, had gone through the cow-pox, are not less than forty; 
and in no one instance have I known a patient receive the small- 
pox, notwithstanding they invariably continued to associate with 
other inoculated patients during the progress of the disease, and 
many of them purposely exposed themselves to the contagion of 
the natural smallpox; whence I am fully convinced that a person 
who had fairly had the cow-pox is no longer capable of being 
acted upon by the variolous matter. 

“TI also inoculated a very considerable number of those who 
had had a disease which ran through the neighbourhood a few 
years ago, and was called by the common people the swine-poz, 
not one of whom received the smallpox. * 

“There were about half a dozen instances of people who never 
had either the cow- or swine-pox, yet did not receive the smallpox, 
the system not being in the least deranged, or the arms inflamed, 
although they were repeatedly inoculated, and associated with 
others who were labouring under the disease; one of them was the 
son of a farrier.” 

Mr. Tierny, Assistant Surgeon of the South Gloucester Regi- 
ment of Militia, has obliged me with the following information: 

‘That in the summer of the year 1798 he inoculated a great 
number of the men belonging to the regiment, and that among 


* This was that mild variety of the smallpox which I have noticed in the late 
Treatise on the Cow-Pox, p. 54 (of original article). 
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them he found eleven who, from having lived in dairies, had gone 
through the cow-pox. That all of them resisted the smallpox 
except one, but that on making the most rigid and scrupulous 
enquiry at the farm in Gloucestershire, where the man said he 
lived when he had the disease, and among those with whom, at 
the same time, he declared he had associated, and particularly of 
a person in the parish, whom he said had dressed his fingers, it 
most clearly appeared that he aimed at an imposition, and that 
he never had been affected with the cow-pox.* Mr. Tierny remarks 
that the arms of many who were inoculated after having had the 
cow-pox inflamed very quickly, and that in several a little ichorous 
fluid was formed.” 

Mr. Cline, who in July last was so obliging at my request as to 
try the efficacy of the cow-pox virus, was kind enough to give me a 
letter on the result of it, from which the following is an extract: 


“My Dear Sir: 

“The cow-pox experiment has succeeded admirably. The 
child sickened on the seventh day, and the fever, which was moder- 
ate, subsided on the eleventh. The inflammation arising from 
the insertion of the virus extended to about four inches in diameter, 
and then gradually subsided, without having been attended with 
pain or other inconvenience. ‘There were no eruptions. 

“*T have since inoculated him with smallpox matter in three places, 
which were slightly inflamed on the third day, and then subsided. 

“Dr. Lister, who was formerly physician to the Smallpox 
Hospital, attended the child with me, and he is convinced that it is 
not possible to give him the smallpox. I think the substituting 
the cow-pox poison for the smallpox promises to be one of the 
greatest improvements that has ever been made in medicine; and 
the more I think on the subject, the more I am impressed with its 


importance. 
“With great esteem 
“T am, etc., 
“Henry Ciine. 
“ Lincoln’s Inn Fields, August 2, 1798.” 
* The public cannot be too much upon their guard respecting persons of this 
description. 
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From communications, with which I have been favoured from 
Dr. Pearson, who has occasionally reported to me the result of 
his private practice with the vaccine virus in London, and from 
Dr. Woodville, who also has favoured me with an account of his 
more extensive inoculation with the same virus at the Smallpox 
Hospital, it appears that many of their patients have been affected 
with eruptions, and that these eruptions have maturated in a 
manner very similar to the variolous. The matter they made use 
of was taken in the first instance from a cow belonging to one of 
the great milk farms in London. Having never seen maturated 
pustules produced either in my own practice among those who 
were casually infected by cows, or those to whom the disease had 
been communicated by inoculation, I was desirous of seeing the 
effect of the matter generated in London, on subjects living in the 
country. A thread imbrued in some of this matter was sent to me, 
and with it two children were inoculated, whose cases I shall 
transcribe from my notes. 


Stephen Jenner, three years and a half old. 

3d day: The arm shewed a proper and decisive inflammation. 

6th: A vesicle arising. 

7th: The pustule of a cherry colour. 

8th: Increasing in elevation. A few spots now appear on each 
arm near the insertion of the inferior tendons of the biceps muscles. 
They are very small and of a vivid red colour. The pulse natural; 
tongue of its natural hue; no loss of appetite or any symptom of 
indisposition. 

9th: The inoculated pustule on the arm this evening began to 
inflame, and gave the child uneasiness; he cried and pointed to 
the seat of it, and was immediately afterwards affected with febrile 
symptoms. At the expiration of two hours after the seizure a 
plaster of ung. hydrarg. fort. was applied, and its effect was very 
quickly perceptible for in ten minutes he resumed his usual looks 
and playfulness. On examining the arm about three hours after 
the application of the plaster its effects in subduing the inflamma- 
tion were very manifest. 

10th: The spots on the arms have disappeared, but there are 
three visible in the face. 


11th: ‘Two spots on the face are gone; the other barely percep- 
tible. 
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13th: The pustule delineated in the second plate in the Treatise 
om the Variole Vaccine is a correct representation of that on the 
child’s arm as it appears at this time. 

14th: Two fresh spots appear on the face. The pustule on the 
arm nearly converted into a scab. As long as any fluid remained 
in it it was limpid. 

James Hill, four years old, was inoculated on the same day, 
and with part of the same matter which infected Stephen Jenner. 
It did not appear to have taken effect till the fifth day. 

7th: A perceptible vesicle: this evening the patient became a 
little chilly; no pain or tumour discoverable in the axilla. 

8th: Perfectly well. 

9th: The same. 

10th: The vesicle more elevated than I have been accustomed 
to see it, and assuming more perfectly the variolous character 
than is common with the cow-pox at this stage. 

11th: Surrounded by an inflammatory redness, about the size 
of a shilling, studded over with minute vesicles. The pustule 
contained a limpid fluid till the fourteenth day, after which it was 
incrusted over in the usual manner; but this incrustation or scab 
being accidentally rubbed off, it was slow in healing. 


‘These children were afterwards fully exposed to the smallpox 
contagion without effect. 

Having been requested by my friend, Mr. Henry Hicks, of 
Eastington, in this county, to inoculate two of his children, and 
at the same time some of his servants and the people employed in 
his manufactory, matter was taken from the arm of this boy for 
the purpose. The numbers inoculated were eighteen. They all 
took the infection, and either on the fifth or sixth day a vesicle was 
perceptible on the punctured part. Some of them began to feel a 
little unwell on the eighth day, but the greater number on the 
ninth. Their illness, as in the former cases described, was of 
short duration, and not sufficient to interrupt, but at very short 
intervals, the children from their amusements, or the servants and 
manufacturers from following their ordinary business. 

Three of the children whose employment in the manufactory 
was in some degree laborious had an inflammation on their arms 
beyond the common boundary about the eleventh or twelfth day, 
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when the feverish symptoms, which before were nearly gone off, 
again returned, accompanied with increase of axillary tumor. 
In these cases (clearly perceiving that the symptoms were governed 
by the state of the arms) I applied on the inoculated pustules, and 
renewed the application three or four times within an hour, a 
pledget of lint, previously soaked in aqua lythargyrt acetati,* and 
covered the hot efflorescence surrounding them with cloths dipped 
in cold water. 

The next day I found this simple mode of treatment had suc- 
ceeded perfectly. The inflammation was nearly gone off, and 
with it the symptoms which it had produced. 

Some of these patients have since been inoculated with variolous 
matter, without any effect beyond a little inflammation on the part 
where it was inserted. 

Why the arms of those inoculated with the vaccine matter in the 
country should be more disposed to inflame than those inoculated 
in London it may be difficult to determine. From comparing my 
own cases with some transmitted to me by Dr. Pearson and Dr. 
Woodville, this appears to be the fact; and what strikes me as 
still more extraordinary with respect to those inoculated in London 
is the appearance of maturating eruptions. In the two instances 
only which I have mentioned (the one from the inoculated, the 
other from the casual, cow-pox) a few red spots appeared, which 
quickly went off without maturating. The case of the Rev. Mr. 
Moore’s servant may, indeed, seem like a deviation from the com- 
mon appearances in the country, but the nature of these eruptions 
was not ascertained beyond their not possessing the property of 
communicating the disease by their effuvia. Perhaps the difference 
we perceive may be owing to some variety in the mode of action of 
the virus upon the skin of those who breathe the air of London 
and those who live in the country. That the erysipelas assumes a 
different form in London from what we see it put on in this country 
is a fact very generally acknowledged. In calling the inflammation 
that is excited by the cow-pox virus erysipelatous, perhaps I may 
not be critically exact, but it certainly approaches near to it. Now, 


* Goulard’s extract of Saturn. 
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as the diseased action going forward in the part infected with the 
virus may undergo different modifications according to the pecu- 
liarities of the constitution on which it is to produce its effect, may 
it not account for the variation which has been observed ? 

To this it may probably be objected that some of the patients 
inoculated, and who had pustules in consequence, were newly 
tome from the country; but I conceive that the changes wrought 
in the human body through the medium of the lungs may be ex- 
tremely rapid. Yet, after all, further experiments made in London 
with vaccine virus generated in the country must finally throw a 
light on what now certainly appears obscure and mysterious. 

The principal variation perceptible to me in the action of the 
vaccine virus generated in London from that produced in the coun- 
try was its proving more certainly infectious and giving a less 
disposition in the arm to inflame. There appears also a greater 
elevation of the pustule above the surrounding skin. In my for- 
mer cases the pustule produced by the insertion of the virus was 
more like one of those which are so thickly spread over the body in 
a bad kind of confluent smallpox. This was more like a pustule 
of the distinct smallpox, except that I saw no instance of pus being 
formed in it, the matter remaining limpid till the period of scabbing. 

Wishing to see the effects of the disease on an infant newly born, 
my nephew, Mr. Henry Jenner, at my request, inserted the vac- 
cine virus into the arm of a child about twenty hours old. His 
report to me is that the child went through the disease without 
apparent illness, yet that it was found effectually to resist the 
action of variolous matter with which it was subsequently inocu- 
lated. 

I have had an opportunity of trying the effects of the cow-pox 
matter on a boy, who, the day preceding its insertion, sickened 
with the measles. The eruption of the measles, attended with 
cough, a little pain in the chest, and the usual symptoms accom- 
panying the disease, appeared on the third day and spread all over 
him. ‘The disease went through its course without any deviation 
from its usual habits; and, notwithstanding this, the cow-pox 
virus excited its common appearances, both on the arm and on the 


276 EDWARD JENNER 


constitution, without any febrile interruption; on the sixth day 
there was a vesicle. 

8th: Pain in the axilla, chilly, and affected with headache. 

9th: Nearly well. 

12th: The pustule spread to the size of a large split-pea, but with- 
out any surrounding efflorescence. It soon afterwards scabbed, 
and the boy recovered his general health rapidly. But it should be 
observed that before it scabbed the efflorescence which had suffered 
a temporary suspension advanced in the usual manner. 

Here we see a deviation from the ordinary habits of the small- 
pox, as it has been observed that the presence of the measles sus- 
pends the action of variolous matter. 

The very general investigation that is now taking place, chiefly 
through inoculation (and I again repeat my earnest hope that it 
may be conducted with that calmness and moderation which should 
ever accompany a philosophical research), must soon place the 
vaccine disease in its just point of view. The result of all my 
trials with the virus on the human subject has been uniform. In 
every instance the patient who has felt its influence, has completely 
lost the susceptibility for the variolous contagion; and as these 
instances are now become numerous, I conceive that, joined to the 
observations in the former part of this paper, they sufficiently 
preclude me from the necessity of entering into controversies with 
those who have circulated reports adverse to my assertions, on no 
other evidence than what has been casually collected. 
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Since my former publications on the vaccine inoculation I have 
had the satisfaction of seeing it extend very widely. Not only 
in this country is the subject pursued with ardour, but from my 
correspondence with many respectable medical gentlemen on the 
Continent (among whom are Dr. De Carro, of Vienna, and Dr. 
Ballhorn, of Hanover) I find it is as warmly adopted abroad, where 
it has afforded the greatest satisfaction. I have the pleasure, too, 
of seeing that the feeble efforts of a few individuals to depreciate 
the new practice are sinking fast into contempt beneath the im- 
mense mass of evidence which has arisen up in support of it. 

Upwards of six thousand persons have now been inoculated 
with the virus of cow-pox, and the far greater part of them have 
since been inoculated with that of smallpox, and exposed to its in- 
fection in every rational way that could be devised, without effect. 

It was very improbable that the investigation. of a disease so 
analogous to the smallpox should go forward without engaging the 
attention of the physician of the Smallpox Hospital in London. 

Accordingly, Dr. Woodville, who fills that department with so 
much respectability, took an early opportunity of instituting an 
inquiry into the nature of the cow-pox. This inquiry was begun 
in the early part of the present year, and in May Dr. Woodville 
published the result, which differs essentially from mine in a point 
of much importance. It appears that three-fifths of the patients 
inoculated were affected with eruptions, for the most part so per- 
fectly resembling the smallpox as not to be distinguished from 
them. On this subject it is necessary that I should make some 
comments. 


When I consider that out of the great number of cases of casual 
279 
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inoculation immediately from cows which from time to time pre- 
sented themselves to my observation, and the many similar in- 
stances which have been communicated to me by medical gentle- 
men in this neighbourhood; when I consider, too, that the matter 
with which my inoculations were conducted in the years 1797, ’98, 
and ’99, was taken from some different cows, and that in no in- 
stance anything like a variolous pustule appeared, I cannot feel 
disposed to imagine that eruptions, similar to those described by 
Dr. Woodville, have ever been produced by the pure uncontam- 
inated cow pock virus; on the contrary, I do suppose that those 
which the doctor speaks of originated in the action of variolous 
matter which crept into the constitution with the vaccine. And 
this I presume happened from the inoculation of a great number 
of the patients with variolous matter (some on the third, others on 
the fifth, day) after the vaccine had been applied: and it should be 
observed that the matter thus propagated became the source of 
future inoculations in the hands of many medical gentlemen 
who appeared to have been previously unacquainted with the 
nature of the cow-pox. 

Another circumstance strongly, in my opinion, supporting 
this supposition is the following: The cow-pox has been known 
among our dairies time immemorial. If pustules, then, like 
the variolous, were to follow the communication of it from the cow 
to the milker, would not such a fact have been known and recorded 
at our farms? Yet neither our farmers nor the medical people 
of the neighbourhood have noticed such an occurrence. 

A few scattered pimples I have sometimes, though very rarely, 
seen, the greater part of which have generally disappeared quickly, 
but some have remained long enough to suppurate at their apex. 
That local cuticular inflammation, whether springing up spon- 
taneously or arising from the application of acrid substances, such, 
for instance, as cantharides, pix Burgundica, antimonium tar- 
tarizatum, etc., will often produce cutaneous affections, not only 
near the seat of the inflammation, but on some parts of the skin far 
beyond its boundary, is a well-known fact. It is, doubtless, on this 
principle that the inoculated cow-pock pustule and its concomitant 
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efflorescence may, in very irritable constitutions, produce this 
affection. The eruption I allude to has commonly appeared some 
time in the third week after inoculation. But this appearance is too 
trivial to excite the least regard. 

The change which took place in the general appearance during 
the progress of the vaccine inoculation at the Smallpox Hospital 
should likewise be considered. 

Although at first it took on so much of the variolous character 
as to produce pustules in three cases out of five, yet in Dr. Wood- 
ville’s last report, published in June, he says: “Since the publica- 
tion of my reports of inoculations for the cow-pox, upwards of three 
hundred cases have been under my care; and out of this number 
only thirty-nine had pustules that suppurated; viz., out of the 
first hundred, nineteen had pustules; out of the second, thirteen; 
and out of the last hundred and ten, only seven had pustules. Thus 
it appears that the disease has become considerably milder; which 
I am inclined to attribute to a greater caution used in the choice 
of the matter, with which the infection was communicated; for, 
lately, that which has been employed for ‘this purpose has been 
taken only from those patients in whom the cow-pox proved very 
mild and well characterised.’’* 

The inference I am induced to draw from these premises is 
very different. The decline, and, finally, the total extinction nearly, 
of these pustules, in my opinion, are more fairly attributable to the 
cow-pox virus, assimilating the variolous,j the former probably 
being the original, the latter the same disease under a peculiar, and 
at present an inexplicable, modification. 

One experiment tending to elucidate the point under discussion 


*In a few weeks after the cow-pox inoculation was introduced at the Smallpox 
Hospital I was favoured with some virus from this stock. In the first instance it 
produced a few pustules, which did not maturate; but in the subsequent cases none 
appeared.—E. J. 

+In my first publication on this subject I expressed an opinion that the small- 
pox and the cow-pox were the same diseases under different modifications. In 
this opinion Dr. Woodville has concurred. The axiom of the immortal Hauter, 
that two diseased actions cannot take place at the same time in one and the same 
part, will not be injured by the admission of this theory. 
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I had myself an opportunity of instituting. On the supposition 
of its being possible that the cow which ranges over the fertile 
meadows in the vale of Gloucester might generate a virus differing 
in some respects in its qualities from that produced by the animal 
artificially pampered for the production of milk for the metropolis, 
I procured, during my residence there in the spring, some cow pock 
virus from a cow at one of the London milk-farms.* It was 
immediately conveyed into Gloucestershire to Dr. Marshall, who 
was then extensively engaged in the inoculation of the cow-pox, the 
general result of which, and of the inoculation in particular with 
this matter, I shall lay before my readers in the following com- 
munication from the doctor: 


“Dear SIR: 


‘““My neighbour, Mr. Hicks, having mentioned your wish to be 
informed of the progress of the inoculation here for the cow-pox, 
and he also having taken the trouble to transmit to you my minutes 
of the cases which have fallen under my care, I hope you will par- 
don the further trouble I now give you in stating the observations I 
have made upon the subject. When first informed of it, having 
two children who had not had the smallpox, I determined to inocu- 
late them for the cow-pox whenever I should be so fortunate as to 
procure matter proper for the purpose. I was, therefore, particu- 
larly happy when I was informed that I could procure matter from 
some of those whom you had inoculated. In the first instance I 
had no intention of extending the disease further than my own 
family, but the very extensive influence which the conviction of its 
efficacy in resisting the smallpox has had upon the minds of the 
people in general has rendered that intention nugatory, as you will 
perceive, by the continuation of my cases enclosed in this letter,+ 
by which it will appear that since the 22d of March I have in- 
oculated an hundred and seven persons; which, considering the 


* It was taken by Mr. Tanner, then a student at the Veterinary College, from a 
cow at Mr. Clark’s farm at Kentish Town. 


+ Doctor Marshall has detailed these cases with great accuracy, but their publi- 
cation would now be deemed superfluous.—E. J. 
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retired situation I resided in, is a very great number. ‘There are 
also other considerations which, besides that of its influence in re- 
sisting the smallpox, appear to have had their weight; the peculiar 
mildness of the disease, the known safety of it, and its not having in 
any instance prevented the patient from following his ordinary busi- 
ness. In all the cases under my care there have only occurred 
two or three which required any application, owing to erysipelatous 
inflammation on the arm, and they immediately yielded to it. In 
the remainder the constitutional illness has been slight but suffici- 
ently marked, and considerably less than I ever observed in the 
same number inoculated with the smallpox. In only one or two 
of the cases have any other eruptions appeared than those around 
the spot where the matter was inserted, and those near the infected 
part. Neither does there appear in the cow-pox to be the least 
exciting cause to any other disease, which in the smallpox has been 
frequently observed, the constitution remaining in as full health and 
vigour after the termination of the disease as before the infection. 
Another important consideration appears to be the impossibility of 
the disease being communicated except by the actual contact of the 
matter of the pustule, and consequently the perfect safety of the 
remaining part of the family, supposing only one or two should 
wish to be inoculated at the same time. 

“Upon the whole, it appears evident to me that the cow-pox is a 
pleasanter, shorter, and infinitely more safe disease than the in- 
oculated smallpox when conducted in the most careful and ap- 
proved manner; neither is the local affection of the inoculated part, 
or the constitutional illness, near so violent. I speak with con- 
fidence on the subject, having had an opportunity of observing its 
effects upon a variety of constitutions, from three months old to 
sixty years; and to which I have paid particular attention. In the 
cases alluded to here you will observe that the removal from the 
original source of the matter had made no alteration or change in 
the nature or appearance of the disease, and that it may be con- 
tinued, ad infinitum (I imagine), from one person to another (if 
care be observed in taking the matter at a proper period) without 
any necessity of recurring to the original matter of the cow. 
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“TI should be happy if any endeavours of mine could tend further 
to elucidate the subject, and shall be much gratified in sending you 
any further observations I may be enabled to make. 

“T have the pleasure to subscribe myself, 
“Dear sir, etc., 
‘JosepH H. MarsHAt. 
‘EASTINGTON, GLOUCESTERSHIRE, April 26, 1799.” 


The gentleman who favoured me with the above account has 
continued to prosecute his inquiries with unremitting industry, and 
has communicated the result in another letter, which at his request 
I Jay before the public without abbreviation. 

Dr. Marshall’s second letter: 


“DEAR SIR: 


“Since the date of my former letter I have continued to inoculate 
with the cow-pox virus. Including the cases before enumerated, 
the number now amounts to four hundred and twenty-three. It 
would be tedious and useless to detail the progress of the disease 
in each individual—it is sufficient to observe that I noticed no 
deviation in any respect from the cases I formerly adduced. The 
general appearances of the arm exactly corresponded with the ac- 
count given in your first publication. When they were disposed to 
become troublesome by erysipelatous inflammation, an application 
of equal parts of vinegar and water always answered the desired 
intention. I must not omit to inform you that when the disease 
had duly acted upon the constitution I have frequently used the 
vitriolic acid. A portion of a drop applied with the head of a 
probe or any convenient utensil upon the pustule, suffered to re- 
main about forty seconds, and afterwards washed off with sponge 
and water, never failed to stop its progress and expedite the forma- 
tion of a scab. 

““T have already subjected two hundred and eleven of my patients 
to the action of variolous matter, but every one resisted it. 

“The result of my experiments (which were made with every 
requisite caution) has fully convinced me that the true cow-pox is a 
safe and infallible preventive from the smallpox; that in no case 
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which has fallen under my observation has it been in any consider- 
able degree troublesome, much less have I seen any thing like 
danger; for in no instance were the patients prevented from follow- 
ing their ordinary employments. 

“In Dr. Woodville’s publication on the cow-pox I notice an ex- 
traordinary fact. He says that the generality of his patients had 
pustules. It certainly appears extremely extraordinary that in all 
my cases there never was but one pustule, which appeared on a 
patient’s elbow on the inoculated arm, and maturated. It ap- 
peared exactly like that on the incised part. 

“The whole of my observations, founded as it appears on an 
extensive experience, leads me to these obvious conclusions; that 
those cases which have been or may be adduced against the pre- 
ventive powers of the cow-pox could not have been those of the true 
kind, since it must appear to be absolutely impossible that I should 
have succeeded in such a number of cases without a single excep- 
tion if such a preventive power did not exist. I cannot entertain a 
doubt that the inoculated cow-pox must quickly supersede that of 
the smallpox. If the many important advantages which must re- 
sult from the new practice are duly considered, we may reasonably 
infer that public benefit, the sure test of the real merit of discoveries, 
will render it generally extensive. 

“To you, Sir, as the discoverer of this highly beneficial practice, 
mankind are under the highest obligations. As a private individual 
I participate in the general feeling; more particularly as you have 
afforded me an opportunity of noticing the effects of a singular 
disease, and of viewing the progress of the most curious experiment 
that ever was recorded in the history of physiology. 

**T remain, dear sir, etc., 
“JosepH H. MarsHatt.” 

‘*P.S. I should have observed that, of the patients I inoculated 
and enumerated in my letter, one hundred and twenty-seven were 
infected with the matter you sent me from the London cow. I dis- 
covered no dissimilarity of symptoms in these cases from those which 
I inoculated from matter procured in this country. No pustules 
have occurred, except in one or two cases, where a single one ap- 
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peared on the inoculated arm. No difference was apparent in the 
local inflammation. There was no suspension of ordinary em- 
ployment among the labouring people, nor was any medicine re- 
quired. 

“T have frequently inoculated one or two in a family, and the 
remaining part of it some weeks afterwards. The uninfected have 
slept with the infected during the whole course of the disease without 
being affected; so that I am fully convinced that the disease cannot 
be taken but by actual contact with the matter. 

“A curious fact has lately fallen under my observation, on which 
I leave you to comment. 

“T visited a patient with the confluent smallpox and charged a 
lancet with some of the matter. Two days afterwards I was 
desired to inoculate a woman and four children with the cow-pox, 
and I inadvertently took the vaccine matter on the same lancet 
which was before charged with that of smallpox. In three days I 
discovered the mistake, and fully expected that my five patients 
would be infected with smallpox; but I was agreeably surprised to 
find the disease to be genuine cow-pox, which proceeded without de- 
viating in any particular from my former cases. I afterwards ino- 
culated these patients with variolous matter, but all of them re- 
sisted its action. 

“T omitted mentioning another great advantage that now 
occurs to me in the inoculated cow-pox; I mean the safety with 
which pregnant women may have the disease communicated to them. 
I have inoculated a great number of females in that situation, and 
never observed their cases to differ in any respect from those of my 
other patients. Indeed, the disease is so mild that it seems as if it 
might at all times be communicated with the most perfect safety.” 


I shall here take the opportunity of thanking Dr. Marshall and 
those other gentlemen who have obligingly presented me with the 
result of their inoculations; but, as they all agree in the same point 
as that given in the above communication, namely, the security of 
the patient from the effects of the smallpox after the cow-pox, their 
perusal, I presume, would afford us no satisfaction that has not been 
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amply given already. Particular occurrences I shall, of course, de- 
tail. Some of my correspondents have mentioned the appearance 
of smallpox-like eruptions at the commencement of their inocula- 
tions; but in these cases the matter was derived from the original 
stock at the Smallpox Hospital. 

I have myself inoculated a very considerable number from the 
matter produced by Dr. Marshall’s patients, originating in the 
London cow, without observing pustules of any kind, and have 
dispersed it among others who have used it with a similar effect. 
From this source Mr. H. Jenner informs me he has inoculated above 
an hundred patients without observing eruptions. Whether the 
nature of the virus will undergo any change from being farther re- 
moved from its original source in passing successively from one 
person to another time alone can determine. That which I am 
now employing has been in use near eight months, and not the least 
change is perceptible in its mode of action either locally or con- 
stitutionally. There is, therefore, every reason to expect that its 
effects will remain unaltered and that we shall not be under the 
necessity of seeking fresh supplies from the cow. 

The following observations were obligingly sent me by Mr. 
Tierny, Assistant Surgeon to the South Gloucester Regiment of 
Militia, to whom I am indebted for a former report on this 
subject. 

“T inoculated with the cow-pox matter from the eleventh to the 
latter part of April, twenty-five persons, including women and 
children. Some on the eleventh were inoculated with the matter 
Mr. Shrapnell (surgeon to the regiment) had from you, the others 
with matter taken from these. The progress of the puncture was 
accurately observed, and its appearance seemed to differ from the 
smallpox in having less inflammation around its basis on the first 
days—that is, from the third to the seventh; but after this the in- 
flammation increased, extending on the tenth or eleventh day to a 
circle of an inch and a half from its centre, and threatening very 
sore arms; but this I am happy to say was not the case; for, by 
applying mercurial ointment to the inflamed part, which was 
repeated daily until the inflammation went off, the arm got well 
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without any further application or trouble. The constitutional 
symptoms which appeared on the eighth or ninth day after inocu- 
lation scarcely deserved the name of disease, as they were so slight 
as to be scarcely perceptible, except that I could connect a slight 
headache and jlanguor, with a stiffness and rather painful sensation 
in the axilla. This latter symptom was the most striking—it 
remained from twelve to forty-eight hours. In no case did I ob- 
serve the smallest pustule, or even discolouration of the skin, like 
an incipient pustule, except about the part where the virus has been 
applied. 

“After all these symptoms had subsided and the arms were 
well, I inoculated four of this number with variolous matter, taken 
from a patient in another regiment. In each of these it was inserted 
several times under the cuticle, producing slight inflammation on 
the second or third day, and always disappearing before the fifth or 
sixth, except in one who had the cow-pox in Gloucestershire before 
he joined us, and who also received it at this time by inoculation. In 
this man the puncture inflamed and his arm was much sorer than 
from the insertion of the cow-pox virus; but there was no pain in the 
axilla, nor could any constitutional affection be observed. 

“T have only to add that I am now fully satisfied of the efficacy of 
the cow-pox in preventing the appearance of the smallpox, and that 
it is a most happy and salutary substitute for it. 

““T remain, etc., 


“M. J. Trerny.” 


Although the susceptibility of the virus of the cow-pox is, for the 
most part, lost in those who have had the smallpox, yet in some 
constitutions it is only partially destroyed, and in others it does not 
appear to be in the least diminished. 

By far the greater number on whom trials were made resisted it 
entirely; yet I found some on whose arm the pustule from inocula- 
tion was formed completely, but without producing the common 
efflorescent blush around it, or any constitutional illness, while others 
have had the disease in the most perfect manner. A case of the 
latter kind having been presented to me by Mr. Fewster, Surgeon, of 
Thornbury, I shall insert it: 
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“Three children were inoculated with the vaccine matter you 
obligingly sent me. On calling to look at their arms three days 
after I was told that John Hodges, one of the three, had been inocu- 
lated with the smallpox when a year old, and that he had a full 
burthen, of which his face produced plentiful marks, a circum- 
stance I was not before made acquainted with. On the sixth day 
the arm of the boy appeared as if inoculated with variolous matter, 
but the pustule was rather more elevated. On the ninth day he 
complained of violent pain in his head and back, accompanied 
with vomiting and much fever. The next day he was very well and 
went to work as usual. The punctured part began to spread, 
and there was the areola around the inoculated part to a consider- 
able extent. 

“*As this is contrary to an assertion made in the Medical and 
Physical Journal, No. 8, I thought it right to give you this informa- 
tion, and remain, 

“Dear sir, etc., 
“J. Fewster.” 


It appears, then, that the animal economy with regard to the 
action of this virus is under the same laws as it is with respect to 
the variolous virus, after previously feeling its influence, as far as 
comparisons can be made between the two diseases. 

Some striking instances of the power of the cow pox in suspend- 
ing the progress of the smallpox after the patients had been several 
days casually exposed to the infection have been laid before me 
by Mr. Lyford, Surgeon, of Winchester, and my nephew, the Rev. 
G.C. Jenner. Mr. Lyford, after giving an account of his extensive 
and successful practice in the vaccine inoculation in Hampshire, 
writes as follows: 

‘The following case occurred to me a short time since, and may 
probably be worth your notice. I was sent for to a patient with 
the smallpox, and on inquiry found that five days previous to my 
seeing him the eruption began to appear. During the whole of this 
time two children who had not had the smallpox, were constantly 
in the room with their father, and frequently on the bed with him. 
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The mother consulted me on the propriety of inoculating them, but 
objected to my taking the matter from their father, as he was sub- 
ject to erysipelas. I advised her by all means to have them inocu- 
lated at that time, as I could not procure any variolous matter else- 
where. However, they were inoculated with vaccine matter, but I 
cannot say I flattered myself with its proving successful, as they had 
previously been so long and still continued to be exposed to the 
variolous infection. Notwithstanding this I was agreeably sur- 
prised to find the vaccine disease advance and go through its 
regular course; and, if I may be allowed the expression, to the total 
extinction of the smallpox.” 

Mr. Jenner’s cases were not less satisfactory. He writes as 
follows: 

‘A son of Thomas Stinchcomb, of Woodford, near Berkeley, was 
infected with the natural smallpox at Bristol, and came home to his 
father’s cottage. Four days after the eruptions had appeared 
upon the boy, the family (none of which had ever had the smallpox), 
consisting of the father, mother, and five children, was inoculated 
with vaccine virus. On the arm of the mother it failed to produce 
the least effect, and she, of course, had the smallpox,* but the rest 
of the family had the cow-pox in the usual way, and were not 
affected with the smallpox, although they were in the same room, 
and the children slept in the same bed with their brother who was 
confined to it with the natural smallpox; and subsequently with 
their mother. 

“T attended this family with my brother, Mr. H. Jenner.” 

The following cases are of too singular a nature to remain un- 
noticed. 


Miss R. , a young lady about five years old, was seized on the 
evening of the eighth day after inoculation with vaccine virus, with 
such symptoms as commonly denote the accession of violent fever. 
Her throat was also a little sore, and there were some uneasv sen- 
sations about the muscles of the neck. The day following a rash 


* Under similar circumstances I think it would be advisable to insert the matter 


into each arm, which would be more likely to insure the success of the operation.— 
E. J. 


VACCINATION AGAINST SMALLPOX 291 


was perceptible on her face and neck, so much resembling the 
efflorescence of the scarlatina angtnosa that I was induced to ask 
whether Miss R had been exposed to the contagion of that 
disease. An answer in the affirmative, and the rapid spreading of 
the redness over the skin, at once relieved me from much anxiety 
respecting the nature of the malady, which went through its course 
in the ordinary way, but not without symptoms which were alarm- 
ing both to myself and Mr. Lyford, who attended with me. There 
was no apparent deviation in the ordinary progress of the pustule to 
a state of maturity from what we see in general; yet there was a 
total suspension of the areola or florid discolouration around it, 
until the scarlatina had retired from the constitution. As soon as 
the patient was freed from this disease this appearance advanced 
in the usual way.* 

‘he .case: of Miss H——.R is not less interesting than 
that of her sister, above related: She was exposed to the contagion 
of the scarlatina at the same time, and sickened almost at the same 
hour. The symptoms continued severe about twelve hours, when 
the scarlatina-rash shewed itself faintly upon her face, and partly 
upon her neck. After remaining two or three hours it suddenly 
disappeared, and she became perfectly free from every complaint. 
My surprise at this sudden transition from extreme sickness to 
health in great measure ceased when I observed that the inoculated 
pustule had occasioned, in this case, the common efflorescent ap- 
pearance around it, and that as it approached the centre it was 
nearly in an erysipelatous state. But the most remarkable part of 
this history is that, on the fourth day afterwards, so soon as the 
efflorescence began to die away upon the arm and the pustule to 
dry up, the scarlatina again appeared, her throat became sore, the 
rash spread all over her. She went fairly through the disease with 
its common symptoms. 


That these were actually cases of scarlatina was rendered certain 
by two servants in the family falling ill at the same time with the 
distemper, who had been exposed to the infection with the young 


ladies. 
Some there are who suppose the security from the smallpox 


* I witnessed a similar fact in a case of measles. (See page 55 of original 
article.) The pustule from the cow pock virus advanced to maturity, while the 
measles existed in the constitution, but no efflorescence appeared around it until 
the measles had ceased to exert its influence. 


292 EDWARD JENNER 


obtained through the cow-pox will be of a temporary nature only. 
This supposition is refuted not only by analogy with respect to the 
habits of diseases of a similar nature, but by incontrovertible facts, 
which appear in great numbers against it. To those already ad- 
duced in the former part of my first treatise* many more might be 
adduced were it deemed necessary; but among the cases I refer to, 
one will be found of a person who had the cow-pox fifty-three years 
before the effect of the smallpox was tried upon him. As he com- 
pletely resisted it, the intervening period I conceive must necessarily 
satisfy any reasonable mind. Should further evidence be thought 
necessary, I shall observe that, among the cases presented to me by 
Mr. Fry, Mr. Darke, Mr. Tierny, Mr. H. Jenner, and others, there 
were many whom they inoculated ineffectually with variolous matter, 
who had gone through the cow-pox many years before this trial was 
made. 

It has been imagined that the cow-pox is capable of being com- 
mounicated from one person to another by effluvia without the inter- 
vention of inoculation. My experiments, made with the design of 
ascertaining this important point, all tend to establish my original 
position, that it is not infectious except by contact. I have never 
hesitated to suffer those on whose arms there were pustules exhaling 
the effluvia from associating or even sleeping with others who never 
had experienced either the cow-pox or the smallpox. And, further, 
I have repeatedly, among children, caused the uninfected to breathe 
over the inoculated vaccine pustules during their whole progress, yet 
these experiments were tried without the least effect. However, to 
submit a matter so important to a still further scrutiny, I desired Mr. 
H. Jenner to make any further experiments which might strike him 
as most likely to establish or refute what had been advanced on this 
subject. He has since informed me “that he inoculated children 
at the breast, whose mothers had not gone through either the small- 
pox or the cow-pox; that he had inoculated mothers whose sucking 
infants had never undergone either of these diseases; that the effluvia 
from the inoculated pustules, in either case, had been inhaled from 
day to day during the whole progress of their maturation, and that 


* See pages 9, II, 12, 13, 14, 20, etc., of original article. 
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there was not the least perceptible effect from these exposures. 
One woman he inoculated about a week previous to her accouche- 
ment, that her infant might be the more fully and conveniently 
exposed to the pustule; but, as in the former instances, no infection 
was given, although the child frequently slept on the arm of its 
mother with its nostrils and mouth exposed to the pustule in the 
fullest state of maturity. Ina word, is it not impossible for the cow- 
pox, whose only manifestation appears to consist in the pustules 
created by contact, to produce itself by effluvia ? 

In the course of a late inoculation I observed an appearance 
which it may be proper here to relate. The punctured part on a 
boy’s arm (who was inoculated with fresh limpid virus) on the sixth 
day, instead of shewing a beginning vesicle, which is usual in the 
cow-pox at that period, was encrusted over with a rugged, amber- 
coloured scab. The scab continued to spread and increase in 
thickness for some days, when, at its edges, a vesicated ring ap- 
peared, and the disease went through its ordinary course, the boy 
having had soreness in the axilla and some slight indisposition. 
With the fluid matter taken from his arm five persons were inocu- 
lated. In one it took no effect. In another it produced a perfect 
pustule without any deviation from the common appearance; 
but in the other three the progress of the inflammation was ex- 
actly similar to the instance which afforded the virus for their in- 
oculation; there was a creeping scab of a loose texture, and subse- 
quently the formation of limpid fluid at its edges. As these people 
were all employed in laborious exercises, it is possible that these 
anomalous appearances might owe their origin to the friction of the 
clothes on the newly-inflamed part of the arm. I have not yet had 
an opportunity of exposing them to the smallpox. 

In the early part of this inquiry I felt far more anxious respecting 
the inflammation of the inoculated arm than at present; yet that 
this affection will go on to a greater extent than could be wished is a 
circumstance sometimes to be expected. As this can be checked, 
or even entirely subdued, by very simple means, I see no reason 
why the patient should feel an uneasy hour because an application 
may not be absolutely necessary. About the tenth or eleventh day, 
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if the pustule has proceeded regularly, the appearance of the arm 
will almost to a certainty indicate whether this is to be expected or 
not. Should it happen, nothing more need be done than to apply a 
single drop of the aqua lythargyri acetati* upon the pustule, and, 
having suffered it to remain two or three minutes, to cover the ef- 
florescence surrounding the pustule with a piece of linen dipped in 
the aqua lythargyri compos.t The former may be repeated twice or 
thrice during the day, the latter as often as it may feel agreeable to 
the patient. 

When the scab is prematurely rubbed off (a circumstance not 
unfrequent among children and working people), the application of 
a little aqua lythargyri acet. to the part immediately coagulates the 
surface, which supplies its place, and prevents a sore. 

In my former treatises on this subject I have remarked that 
the human constitution frequently retains its susceptibility to the 
smallpox contagion (both from effluvia and contact) after pre- 
viously feeling its influence. In further corroboration of this 
declaration many facts have been communicated to me by various 
correspondents. I shall select one of them. 


“DEAR Sir: 


“Society at large must, I think, feel much indebted to you 
for your Inquiries and Observations on the Nature and Effects of 
the Variolze Vaccine, etc., etc. As I conceive what I am now about 
to communicate to be of some importance, I imagine it cannot be 
uninteresting to you, especially as it will serve to corroborate your 
assertion of the susceptibility of the human system of the variolous 
contagion, although it has previously been made sensible of its 
action. In November, 1793, I was desired to inoculate a person 
with the smallpox. I took the variolous matter from a child under 
the disease in the natural way, who had a large burthen of dis- 
tinct pustules. The mother of the child being desirous of seeing 
my method of communicating the disease by inoculation, after 


* Extract of Saturn. 


{ Goulard water. For further information on this subject see the first Treatise 
on the Var. Vac., Dr. Marshall’s letters, etc. 
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having opened a pustule, I introduced the point of my lancet in 
the usual way on the back part of my own hand, and thought no 
more of it until I felt a sensation in the part which reminded me 
of the transaction. This happened upon the third day; on the 
fourth there were all the appearances common to inoculation, at 
which I was not at all surprised, nor did I feel myself uneasy upon 
perceiving the inflammation continue to increase to the sixth and 
seventh day, accompanied with a very small quantity of fluid, re- 
peated experiments having taught me it might happen so with 
persons who had undergone the disease, and yet would escape any 
constitutional affection; but I was not so fortunate; for on the 
eighth day I was seized with all the symptoms of the eruptive fever, 
but in a much more violent degree than when I was before inocu- 
lated, which was about eighteen years previous to this, when I had 
a considerable number of pustules. I must confess I was now 
greatly alarmed, although I had been much engaged in the small- 
pox, having at different times inoculated not less than two thousand 
persons. I was convinced my present indisposition proceeded from 
the insertion of-the variolous matter, and, therefore, anxiously 
looked for an eruption. On the tenth day I felt a very unpleasant 
sensation of stillness and heat on each side of my face near my ear, 
and the fever began to decline. The affection in my face soon 
terminated in three or four pustules attended with inflammation, 
but which did not maturate, and I was presently well. 
“‘T remain, dear sir, etc., 


’ 


““'TxHomas Mies.’ 


This inquiry is not now so much in its infancy as to restrain me 
from speaking more positively than formerly on the important point 
of scrophula as connected with the smallpox. 

Every practitioner in medicine who has extensively inoculated 
with the smallpox, or has attended many of those who have had 
the distemper in the natural way, must acknowledge that he has 
frequently seen scrophulous affections, in some form or another, 
sometimes rather quickly shewing themselves after the recovery 
of the patients. Conceiving this fact to be admitted, as I presume 
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it must be by all who have carefully attended to the subject, may 
I not ask whether it does not appear probable that the general in- 
troduction of the smallpox into Europe has not been among the 
most conductive means in exciting that formidable foe to health ? 
Having attentively watched the effects of the cow-pox in this re- 
spect, I am happy in being able to declare that the disease does not 
appear to have the least tendency to produce this destructive malady. 

The scepticism that appeared,even among the most enlightened 
of medical men when my sentiments on the important subject of 
the cow-pox were first promulgated, was highly laudable. ‘To have 
admitted the truth of a doctrine, at once so novel and so unlike any 
thing that ever had appeared in the annals of medicine, without 
the test of the most rigid scrutiny, would have bordered upon tem- 
erity; but now, when that scrutiny has taken place, not only among 
ourselves, but in the first professional circles in Europe, and when it 
has been uniformly found in such abundant instances that the 
human frame, when once it has felt the influence of the genuine 
cow-pox in the way that has been described, is never afterwards at 
any period of its existence assailable by the smallpox, may I not 
with perfect confidence congratulate my country and society at 
large on their beholding, in the mild form of the cow-pox, an anti- 
dote that is capable of extirpating from the earth a disease which is 
every hour devouring its victims; a disease that has ever been con- 
sidered as the severest scourge of the human race! 
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WILLIAM THOMAS GREEN MORTON 
1819-1868 


Morton was born August 19, 1819, on a farm in the neighbor- 
hood of Charlton, a small New England town. His early years 
were spent in work on the farm, his education being obtained from 
the district school, and later from one of the larger academies. 
At seventeen, his father having failed, he removed to Boston to take 
a position in a bookshop, but shortly afterward returned to his home 
to assist his father in a small store which the latter had opened 
in the nearby town. At this time his education was carried on as 
his business would allow. He seems to have entertained early the 
desire to study medicine, but opportunity to gratify this wish 
not presenting itself, he caught at what he considered the next 
best—dentistry. The American Society of Dental Surgery was 
just being established when Morton came of age (1840) and the 
Baltimore College of Dental Surgery had been opened recently 
under the auspices of this Society. At this school Morton gradu- 
ated in dentistry in 1842, being twenty-three years of age. Imme- 
diately upon graduation he began to practice in Boston in partner- 
ship with Horace Wells (also a dentist), whose name figures in the 
famous controversy over the ether discovery. For financial 
reasons this partnership was dissolved within a year of its formation, 
the two parting on amicable terms. During this association the 
partners had given much attention to the manufacture of artificial 
teeth. The method employed at that time in the preparation of the 
old teeth and for attaching the plate they considered “stupid and 
barbarous,” consequently they devised a superior one, which, 
however, necessitated the removal of all the old fangs. Though 
they offered many inducements to persons to avail themselves 


of the new method, few were willing to submit to the pain of 
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having so many teeth drawn. This demand for a pain-deadener by 
which his method might be more universally adopted may be con- 
sidered the impulse that originally started Morton on his investiga- 
tion, which ultimately resulted in his great discovery. 

The earlier experiments were with such agents as brandy and 
champagne to the point of intoxication; laudanum in doses of 
100 to 300 drops; opium in mass of 10 to 12 grains. The following 
extract from his case-book is of interest: 

“Mrs. S.to have * * * teeth of both jaws extracted. 
Commenced giving opiates about noon. Gave * * * 150 
drops of laudanum. ‘Twenty minutes later gave 150 more. 
Waited ten minutes and gave 100 drops more. Gave 100 drops 
more with intervals of five minutes. Whole amount given 500 
drops in forty-five minutes. At expiration of this time she was 
sleepy but able to walk to chair. Immediately on extraction of the 
first tooth she vomited. She continued in this way for one hour, 
during which time the rest of the teeth were extracted. She was 
conscious but insensible to a considerable degree. On returning 
home she continued to vomit at intervals during the afternoon. 
Entirely recovered in a week.” 

As he proceeded with his investigations he realized that a greater 
knowledge of medicine was essential to his success. In March, 
1844, at Boston, he therefore entered as a student of medicine 
the office of Dr. Charles T. Jackson, whose name appears also in 
the ether controversy. The following autumn (being in his 
twenty-fifth year) he matriculated in the Harvard Medical School. 
During the summer prior to beginning his medical studies he 
continued to practise dentistry and to search for an agent with 
which to deaden pain. Morton was engaged at this time in a very 
lucrative practice. His account-books show among his patients 
persons of distinction and from distant points. A month’s income 
(May, 1844) foots up $1,126.50, and for the same month in the 
two succeeding years twice this sum for each year. It will thus 
be seen that it was with some financial sacrifice that he pursued his 
studies in medicine. 


WM. T. G. MORTON 303 


During this summer of 1844 among the agents which he made 
trial of was sulphuric ether, suggested to him by Dr. C. T. Jackson. 
This he applied locally in one case, and finding that it acted 
satisfactorily, he tried it upon birds and other animals, but with 
indifferent success. For the next eighteen months his investiga- 
tions were almost exclusively with this agent, which he employed 
in extracting teeth and on animals. Though his results were very 
variable it was evident that he was within reach of a great dis- 
covery, and in obtaining information, which he did from every 
available source, the records show that he maintained a cautious 
secrecy. It was, however, his perseverance in face of repeated 
failures and his boldness in employing what was declared to be a 
deadly poison which led all fair-minded judges, in spite of this 
secrecy which many condemned, to award to Morton the honor 
of being the discoverer. He and Wells had experimented with ni- 
trous oxide, and, from ignorance of the proper way to administer 
it, Wells had failed (in a public demonstration) to prove its value 
as an anesthetic agent in extracting teeth. Wells’s claim was not 
that he had discovered the power of ether but that of nitrous oxide, 
and so had been first in giving the world an anesthetic agent 
for capital operations—not that he had discovered an agent, but 
a principle—anesthesia. Morton never disputed Wells’s claim 
to having pointed out the powers of nitrous oxide, but maintained 
that it was not suitable for capital operations, and therefore was 
in the same class as many other inefficient agents already known. 
Moreover, he showed that in 1799 Sir Humphry Davy had experi- 
mented with nitrous oxide, had published his results, and had 
suggested its use in minor operations. Subsequent investigation 
has proven all this to be correct. 

By the summer of 1846 Morton was so much occupied with his 
research that his dental business was carried on almost entirely by 
assistants. From among these he selected two volunteers, after 
having offered, unsuccessfully, money rewards to longshoremen 
and others of that class as inducement to subject themselves to 
experiment. The result of the trials upon the assistants was with 
partial success only. He was convinced that the fault lay in the 
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quality of his agent, and in order to investigate this, he extended his 
inquiry into the chemistry of ether. From Dr. Charles T. Jack- 
son, his preceptor and a noted chemist and physicist, Morton learned 
much regarding the chemistry, the most important information 
being that in order to get proper effects the ether should be pure. 
From the moment he used the pure preparation his failures were 
explained and success began to come. To Jackson Morton un- 
hesitatingly attributes this information, and even offered him a 
percentage interest in the patent benefits, which offer he accepted. 
It is evident that, though Jackson was in possession of facts re- 
garding the inhalation of ether, he did not investigate by experiment 
these effects, probably because he considered (according to his 
written and spoken statements) its administration fraught with 
great danger to life. 

Morton now experimented upon himself. The following ex- 
tract from his memoir to the Academy of Arts and Sciences at 
Paris gives the result of this experiment: “* * * * I shut 
myself up in my room; seated myself in the operating chair and 
commenced inhaling. * * * * It partially suffocated me 
but produced no decided effect. I then saturated my handker- 
chief and inhaled it from that. I looked at my watch and soon 
lost consciousness. As I recovered I felt a numbness in my limbs 
with a sensation like a nightmare and would have given the world 
for some one to come and arouse me. I thought for a moment I 
should die. * * * * At length I felt a slight tingling of 
the blood in the end of my third finger and made an effort to touch 
it with my thumb, but without success. At a second effort I 
touched it, but there seemed to be no sensation. * * * * JT 
pinched my thigh, but * * * sensation was imperfect. * * 
* * JT immediately looked at my watch. * * * I had been 
insensible between seven and eight minutes. * * ¥* *” 

This was in his dental establishment in Boston, September 30, 
1846. Morton waited through the day for a suitable case to appear 
upon whom he could make a fuller trial. About 9 o’clock that 
evening the man Frost, whose affidavit appears in all the Congres- 
sional and other investigations, expressed his willingness to have a 
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painful tooth extracted under the influence of the agent. Between 
this date and October 16th several experiments were made, a 
report of which appears in the articles reprinted below. About 
October 5th Morton called upon Dr. John C. Warren, senior 
surgeon to the Massachusetts General Hospital, and applied for 
permission to employ his method in a capital operation. He was 
at this time twenty-seven years old, and as a medical student was 
attending clinics at this hospital. On October 14th he received 
the following letter: 


Dear Sir: 

I write at the request of Dr. J. C. Warren to invite you to be 
present on Friday morning at 10 o’clock, at the hospital, to admin- 
ister to a patient who is then to be operated upon the preparation 
which you have invented to diminish the sensibility to pain. 

Yours respectfully, 
C. F. Heywoop, 
House Surgeon to the General Hospital. 
Dr. Morton, Tremont Row. October 14th, 1846. 


Morton was at this time under the impression that a special 
apparatus was necessary for the proper administration of ether. 
He obtained from several of the most prominent instrument- 
makers suggestions in this matter. The experiment upon himself, 
above recorded, revealed to him that a handkerchief was all the 
apparatus necessary, but he did not make use of this information 
until much later. Between the receipt of the letter just given and 
October 16th Morton was engaged in perfecting this apparatus, 
failure to complete which caused the delay in his appearance 
referred to in the following extract from the records of the Mas- 
sachusetts General Hospital: 


Extract from Records of Massachusetts General Hospital for October 
16th, 1846: 

“This case is remarkable in the annals of surgery. It was the 
first surgical operation performed under the influence of ether. 
Dr. Warren had been applied to by Dr. Morton, a dentist, with 
the request that he would try the inhalation of a fluid * * * * 
effectual in preventing pain during operations on the teeth. Dr. 
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Warren, * * * satisfied * * * that the breathing of the 
fluid would be harmless, agreed to employ it. * * * * * 
Some time was lost in waiting for Dr. Morton, and ultimately it 
was thought he would not appear; at length he arrived and ex- 
plained his detention by informing Dr. Warren that he had been 
occupied in preparing his apparatus, which consisted of a tube 
connected with a glass globe. * * * ” 

The remainder of this record appears among the reports re- 
printed below. On the following day a second operation was 
performed under ether, but from the 16th of October to the 6th 
of November Morton was not again called to the hospital, for 
reasons to be given presently. During this month of October 
Morton applied to the United States Government for a patent. 
For this he has been much censured and many motives were 
attributed to his action. On November 12, 1846, his patent was 
granted. From this source he never benefited financially, as it 
was impossible to bring suit for infringement when such was 
merely the use of an agent already well known. Had his appara- 
tus been an essential to etherization, he might have protected that 
by patent, but he had himself proved this not to be the case. He 
could patent the suggestion but he could protect nothing. While, 
therefore, his action regarding the patent seemed to bring him 
only opprobrium and distress, it was probably this very patent 
which aroused the Congressional interest and led to the drastic 
investigations before that body and fixed, as public opinion never 
could have, the right to Morton of the honor of being the dis- 
coverer. 

He soon learned the cause of his not being called again to the 
hospital after two successful demonstrations of his method. The 
administrators of the Massachusetts General Hospital were 
ignorant of the nature of the agent they were employing, and they 
therefore informed Morton that “the surgeons of the hospital 
think it their duty to decline the use of the preparation until 


informed what it is.”’ To this Morton sent the following reply to 
Dr. Warren: 
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Boston, Nov. 5th, 1846. 
Dear Sir: 

As it may sometimes be desirable that surgical operations should 
be performed at the Massachusetts General Hospital under the 
influence of the preparation employed by me for producing tempo- 
rary insensibility to pain, you will allow me through you to offer 
to the hospital the free use of it for all the hospital operations. I 
should be pleased to give to the surgeons of the hospital any infor- 
mation, in addition to what they now possess, which they may think 
desirable in order to employ it with confidence. I will also instruct 
such persons as they may select, connected with the hospital, in 
the mode of employing it. This information, I must request, 
should be regarded as confidential, as I wish for ample time to 
make such modifications as experience may suggest in its exhibition. 
It is also my intention to have persons suitably instructed who 
will go wherever desired, for a reasonable compensation and 
administer it for private operations: thus enabling any surgeon 
to employ it in his private practice whenever he may have occasion. 
I think you will agree with me that this will be wiser until its 
merits are fuller established, than to put it into the hands of 
everybody, thereby bringing discredit upon the preparation by its 
injudicious employment. Should you wish me to administer at 
any of the operations to-morrow, I shall do so with pleasure; and 
should the above proposition be deemed worthy of being enter- 
tained, I shall be ready to make the arrangement as soon as in- 
formed of your wishes. 

W. T. G. Morton 
Dr. Warren 


In reply he received the following: 


Dear Sir: 
I beg leave to acknowledge the reception of your polite letter. 
I shall lose no time in laying it before the surgeons of the hospital. 
I remain respectfully yours, 


J. C. WARREN. 
Park Street, Nov. 6th. 


This reply was received on a day set for operations and Morton 
waited impatiently at his office. While thus waiting, Dr. Henry 
J. Bigelow, who had followed with interest Morton’s demonstra- 
tions and who had given him every encouragement, called upon 
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him and took him to the hospital. On arrival at the hospital 
Dr. Bigelow left Morton in the reception room and himself went 
to the operating room. ‘There Morton’s letter, quoted above, 
was read aloud by Dr. Warren, whereupon it was decided to allow 
Morton to employ his method at that operation. Dr. Bigelow 
at once fetched Dr. Morton, who, on entering the amphitheatre, 
announced that in order to remove any hesitation on the part of 
the surgeons he would state his agent to be sulphuric ether. From 
this date many operations in the Massachusetts General Hospital 
were performed under etherization without further opposition. 
These details are all here given because they are of historic interest 
to-day; the indorsement of the Massachusetts General Hospital 
and the taking out of the patent, which, it will be observed, was 
applied for between the dates of the first and second operations 
(October 16th and November 6th) were the most important 
factors in fixing honor where it was due. It may be said that 
between October 16, 1846, when the first capital operation under 
ether was performed, and November 12th of the same year, when 
the patent was granted, occurred the most important events in the 
history of the discovery of anesthesia. Shortly after the last 
date the controversy regarding the discovery of anesthesia began. 
A long, and, in some respects, unpleasant exposition of the manner 
in which such questions are treated. There is a striking similarity 
between the accounts of the vaccination and circulation of the 
blood discovery and that of anzesthesia, in that the same incredulity 
first arose, which was followed by a brief period of awe, to be 
followed again by many “jump up behinders,” and finally by 
almost wilful maltreatment of the discoverer. Harvey, Jenner, 
and Morton suffered financially and in their practice, and the two 
latter, in consequence of these sufferings, together with disappoint- 
ment at the manner in which their work was received, experienced 
personal distress, the full extent of which the world may never 
know. Happily we have examples of a different spirit in our 
day in the honor accorded men like Carrol, Lazear, Manson, Reed 
and Ross. With regard to Morton’s and Jackson’s position, the 
former has well expressed it in the following: “I am ready to 
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acknowledge my indebtedness to men and books for all my informa- 
tion upon this subject. I have got here a little and there a little. 
I learned from Dr. Jackson in 1844 the effect of ether applied to a 
sensitive tooth and proved by experiment that it would gradually 
render the nerve insensible. I learned from Dr. Jackson, also in 
1844, the effect of ether when inhaled by students at college, 
which was corroborated by Spear’s account and by what I read. 
I further acknowledge that I was subsequently indebted to Dr. 
Jackson for valuable information as to the kinds and preparations 
of ether, and for the recommendations of the highly rectified 
from Burnett’s as the most safe and efficient. But my obligation 
to him hath this extent, no further.’’* 

The question regarding the discoverer became a national one, 
probably because the United States Government as well as the 
English Government had granted patent rights. The House 
of Representatives appointed a committee to investigate. Thus 
every fact, letter and statement was examined as sworn testimony, 
and this not once, but three times, over a period of eight years. 
There has never before been, and probably never again will be, 
such a thorough trial of a scientific subject by a legislative body. 

In this connection the following extract of a letter of Daniel 


Webster’s is of interest: 
Washington, December 20, 1851. 
Dr. W. T. G. Morton. 

Dear Sir: * * * * JT then formed the opinion, which I 
have since seen no reason to change, that the merit of that great 
discovery belonged to you, and I had supposed that the reports 
of the trustees of the hospital (Massachusetts General) and of the 
Committee of the House of Representatives of the United States 
were conclusive on this point. * * * * 

The Committee of the House were I believe unanimous in award- 
ing to you the merit of having made the first practical application 
of ether, and a majority by their report awarded to you the entire 
credita ty at 

Very respectfully your obedient servant, 
DANIEL WEBSTER. 


* Note: “Trials of a Public Benefactor,” by Nathan P. Rice, M.D., 1859, 
Pudney & Russel, N. Y. 
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Morton, however, was receiving no pecuniary benefit from his 
patent, nor was he able or willing to press suit for infringement. 
It was therefore proposed in Congress to award him $100,000. 
As example of like action an award to Jenner of £10,000 (Petti- 
grew) by Parliament, also an award of money to Beaumont by 
Congress for his investigations on gastric function, were quoted. 
For eight years Morton pursued this proposal before three sittings 
of Congress, and was finally told that his only hope lay in bringing 
suit against the United States Government (which was freely 
employing etherization in its army and navy hospitals) for infringe- 
ment upon his patent. This was a formality, but the other claim- 
ants could not be brought into such an action, and it was the advo- 
cates of Jackson and Wells who, on former occasions, had blocked 
the award. By now, however (1854), Morton was reduced to 
worse than poverty; his property was heavily mortgaged. A 
subscription was raised which was liberally answered, and, what 
is a bright spot in all this unpleasant account, the most generous 
response was from the profession. It was a national tribute. 

The mills of the gods had been grinding slowly but exceeding 
small, and it was undoubtedly this which enabled posterity to fix 
beyond dispute the honor upon Morton. When considering 
Morton’s efforts to profit financially by taking out a patent and by 
proceeding with secrecy, it must be remembered that he was a 
comparatively young man (twenty-seven years) when he found 
himself in possession of one of the greatest discoveries known to 
mankind. He was not, however, conscious of the full significance 
of his find, and having been brought up in business methods, he 
looked for financial benefits first and honor last. His chief oppo- 
nent, Dr. Jackson, was a scientist of international reputation, 
while he was but a dentist. When Dr. Jackson’s sealed claim 
to the discovery was read at the Academy in Paris, it was accepted 
as coming from a very worthy source. When Morton, the dentist, 
disputed this claim, the Academicians were inclined to smile, and 
finally, on receiving additional evidence in support of Morton’s 
claim, they awarded equal honor to both claimants, which Mor- 
ton refused to accept. 
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Though Morton partially re-established his shattered health 
and fortune before his death, July 15, 1868, he never had the 
honor which is now fully accorded him, and which is attested by 
the monument erected in Boston on the fiftieth anniversary of the 


- discovery of anesthesia. 


The word “anzesthesia” has become so familiar that one forgets 
that it had a beginning. Not so with “‘Letheon,” which is practi- 
cally forgotten. The following letter is of interest in this connec- 
tion: 

Boston, Nov. 21st, 1846. 
My dear Sir: 

Everybody wants to have a hand in a great discovery. All 
I will do is to give you a hint or two, as to names or the name to be 
applied to the state produced and the agent. 

The state should, I think, be called ‘“‘Anzsthesia.’’ This 
signifies insensibility, more particularly (as used by Linneus and 
Cullen) to objects of touch. (See Good, Nosology, p. 259.) The 
adjective will be “Anesthetic.” Thus we might say, the state of 
anesthesia or the anesthetic state. ‘The means employed would be 
properly called anti-zsthetic agent. Perhaps it might be allowable 
to say anesthetic agent, but this admits question. 

The words antineuric, neuro-leptic, neuro-lepsic, neuro-etasis, 
etc., seem too anatomical; whereas the change is a physiological 
one. I throw them out for consideration. 

I would have a name pretty soon, and consult some accomplished 
scholar, such as President Everett or Dr. Bigelow, senior, before 
fixing upon the terms, which will be repeated by the tongues of 
every civilized race of mankind. You could mention these words 
which I suggest for their consideration; but there may be others 
more appropriate and agreeable. 

Yours respectfully, 
O. W. Homes. 


Rice, in ‘‘ The Trials of a Public Benefactor,” gives the following: 

“The term ‘Letheon’ given to the ether immediately after the 
American patent was secured, and by which it was at first generally 
known, was adopted simply ‘to avoid circumlocation,’ and was 
brought about in this wise. Drs. H. J. Bigelow, Holmes, and 
Morton, having met at the house of Dr. A. A. Gould, the latter 
read aloud a list of names which he had prepared. Dr. Morton, 
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in catching the word ‘Letheon’—the same that Dr. Gould had also 
put on his list—exclaimed, ‘That is the name the discovery shall be 
christened.’ Returning to his office soon after, where the writer 
was then sitting, he said, ‘I have found a name for the discovery, 
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and am going to call it Letheon. 
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REMARKS 


Although various publications have appeared since the new 
application of sulphuric ether was discovered which have made it 
evident that it can be used, both safely and effectually, for the 
relief of much of the suffering to which the human race is liable, 
I believe that a manual, containing an account of the mode of ad- 
ministering it, the effect which it produces, the symptoms of in- 
sensibility, the difficulties and dangers attending its use, and the 
best means of obviating and removing these, as far as possible, is 
still a desideratum. ‘This is particularly the case with those who 
have not had an opportunity to witness its administration, but who 
may wish to make use of it in their own practice. To supply this 
want, and to avoid the necessity of replying to the letters frequently 
addressed to me for information upon these subjects, the follow- 
ing pages have been written. To those who have used the ether, 
many of the directions may appear tediously minute; but to those 
who have not, they will afford desirable information. 

In the first place, it is of the utmost consequence that the ether 
which is used should be not only free from all impurities, but as 
highly concentrated as possible; as some of these impurities would 
prove injurious if taken into the system, and as, of course, the 
stronger the ether, the sooner the patient comes under its influence. 
Unrectified sulphuric ether contains, as impurities, alcohol, water, 
sulphurous acid, and oil of wine; and is unfit for use internally. 

In order to make it fit for inhalation unrectified sulphuric ether 
must be redistilled and washed, and then dried with chloride of 
calcium. This will free it from the impurities above mentioned, 
and render it more concentrated than the original article. 

To explain the process of preparing pure sulphuric ether is 
not, however, the object of these remarks, but, rather, to state 


how it may be best used after it has been prepared. I shall, there- 
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fore, dismiss this part of my subject with the assurance that, if any 
one wishes to attain success in the administration of ether, he must, 
in the first place, provide himself with that which is not only freest 
from impurities, but also most highly concentrated. And, as I 
believe that establishments which manufacture a large quantity of 
ether can not only produce a better article, but can also afford it at 
a less price than it would cost individuals to prepare small quan- 
tities for themselves, I think any one wishing to use it will find it for 
his advantage to purchase it of those druggists who have it purified 
expressly for inhalation. 

The next point I have to treat of is the best mode of administer- 
ing ether. The earliest experiments were mostly made by pouring 
ether upon cloths and inhaling it from them. The results obtained 
in this way were somewhat uncertain and not always satisfactory, 
and this mode of administering it was, before long, exchanged for 
that by means of an apparatus, which rendered the experiments 
more uniformly successful. Some alterations and improvements 
were afterward made in this apparatus, but, substantially, it re- 
mained the same as long as it continued in use; and, as many per- 
sons may read these pages who have never seen the apparatus, or 
one like it, a few words by way of description will not, perhaps, be 
unacceptable. 

The apparatus first used consisted of a glass vessel about six inches 
square, with rounded corners; one opening, two inches in diameter, 
was left on the top, through which a sponge was inserted and the 
ether poured, and another, an inch and a half in diameter, on one 
side for the admission of external air. On the side opposite the 
last-named opening was a glass tube, two inches in diameter and an 
inch in length, terminating in a metal mouth-piece three inches 
long,* and of the same calibre as the glass tube. This mouth-piece 
was provided with two valves, one covering a circular opening, 
three-quarters of an inch in diameter, on the top, and the other ex- 


* In the early administration of ether I sometimes made use of a flexible tube, 
about four inches long, with a mouth-piece at its end; but I soon discontinued the 
use of this, as patients were not so soon brought under the influence of the ether 
when at this distance from the apparatus. 
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tending across it. These valves were so arranged that, when the 
patient filled his lungs, the upper valve shut down, closing the aper- 
ture in the top of the mouth-piece, while the one across the mouth- 
piece opened and allowed the ethereal vapor, mixed with at- 
mospheric air, to pass into the lungs; and, when he emptied his 
lungs, the pressure of the expired air closed the valve across the 
tube, while the same pressure opened the upper valve and allowed 
the vapor, which had been once breathed, to pass into the room 
instead of returning into the reservoir. Thus, at each inspiration, 
the patient had a fresh supply of air thoroughly charged with the 
vapor of ether, which vapor was continually given off by the sponge 
which was placed in the reservoir and thoroughly saturated with 
ether. 

This apparatus answered the desired purpose, and, with some 
unimportant alterations, was the one used by me in my own 
practice, by the surgeons of the Massachusetts General Hospital, 
and others who administered ether in this country until the early 
part of April last, when it was found that, if a sponge well saturated 
with ether was placed over the nose and mouth of a patient, so that 
all the air which he breathes must necessarily pass through it, he 
was brought as completely under the influence of the ether, and in 
about as short a time, as if he breathed it from the apparatus. 
Further experience having fully established this fact, and, as that 
which will produce a desired effect in the simplest and cheapest 
manner is always to be preferred, the sponge will, probably, before 
long, be in general use, in preference to any “inhalers,”’ however in- 
geniously contrived. 

Although it may excite some surprise that I thus unceremoniously 
dispose of instruments, many of which evince much care and in- 
genuity, a little consideration of the facts of the case will show 
that there is good ground for my assertions. The vapor of sul- 
phuric ether, as is well known, will not support life in its pure and 
unmixed state, being destitute of oxygen; and fears were enter- 
tained, when it was first applied to its present use, that, unless ex- 
treme care was taken to supply the patient with a large amount of 
atmospheric air, not enough oxygen would enter the lungs to de- 
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carbonize the blood and change if from venous to arterial; venous 
blood would then be sent to the brain, and the patient die from 
asphyxia, in the same manner as when deprived of oxygen by im- 
mersion in water, or from any other cause. Attention was im- 
mediately turned to this point, and, in all the inhalers which have 
been constructed, apertures of greater or less size have been 
left for the admission of external air. There is, however, one fact 
which renders it a matter of extreme difficulty so to arrange the 
apertures that a sufficient supply of atmospheric air shall, in every 
case, be afforded to the patient. This is, that a given amount of 
ether will not, under all circumstances, afford the same quantity 
of ethereal vapor; the amount produced by evaporation of the 
ether being much greater in warm weather than in cold. Thus, 
an apparatus, the aperture of which is amply sufficient for the ad- 
mission of external air when the thermometer stands at 65°, and 
which may be used with perfect safety at that temperature, be- 
comes positively dangerous with the thermometer at 90°, although 
the same aperture is left open and the same quantity of ether used. 
This danger is completely obviated by using the sponge; for, how- 
ever high the temperature may be, and however great the consequent 
evaporation of ether, the patient has always a full allowance of 
atmospheric air; as the ethereal vapor, instead of being confined 
in the reservoir of the apparatus with no outlet but the air-hole and 
the mouth-piece, escapes freely into the room, and the patient 
breathes but little, if any, more of it than under ordinary cir- 
cumstances. The sponge, too, has another advantage which, 
practically speaking, is of no small importance. This is, that, when 
the ether is given by a sponge, there is much less disposition to 
cough on the part of the patient than when it is given by the ap- 
paratus. This is owing to two circumstances: one, that ether 
inhaled from a sponge reaches the lungs mixed with a larger por- 
tion of atmospheric air than when it is inhaled from the apparatus; 
the other, that the sponge can be, at first, held at a little distance 
from the patient’s mouth, and the ether thus entering the throat and 
lungs largely diluted with atmospheric air, the parts become 
gradually accustomed to the irritation which it produces, there is 
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much less disposition to cough on the part of the patient, and less 
danger of producing spasm of the glottis, by which the wind-pipe 
might be closed. It can, too, be given more easily from the sponge 
than the apparatus where the patient is unwilling, or unable, to 
assist in the process, as in the case of operations on young children, 
and on the inferior animals in veterinary surgery. The simple 
sponge can also be easily cleansed, while that which remains in the 
apparatus must be frequently removed at the expense of consider- 
able trouble, or there is danger of its becoming musty and offensive. 

Inhaling ether from a sponge, therefore, may be considered as 
the most convenient, safest, and best method of taking it. The 
sponges best suited to this purpose are whole Turkey sponges, of a 
conical or bell shape, tapering from the base, which should be from 
four to six inches in diameter, up toward the apex. The lower sur- 
face, or mouth of the bell, should be sufficiently concave to avoid 
bringing the sponge in direct contact with the lips. 

Before going on to speak of the mode of administering ether, 
and to describe the effects produced by it, it is proper to state that 
it is not necessary for patients who take it for different purposes 
to be at all put in precisely the same condition. ‘That is, it is not 
necessary that all who take it should be brought equally under the 
influence of the ether, but that different degrees of etherization should 
be produced, according to the end proposed to be effected in dif- 
ferent classes of cases. For instance, most surgical operations 
occupy a longer time than does the extraction of teeth, and the pain 
is, necessarily, of longer duration; of course, then, a patient must 
be brought more completely under the influence of ether to render 
him insensible to pain which is to last a number of minutes, than 
it is necessary to prevent him from feeling that which lasts only a 
few seconds. There are some conditions, too, usually attending 
operations in dentistry, which do not belong to most operations in 
surgery. Teeth are usually extracted at the house of the dentist, 
and the patient expects, as soon as the tooth is out, to be able to 
leave the room and go about his ordinary avocations. Now this 
may bedonein alarge majority of the cases where teeth are extracted 
while the patient is under the influence of ether, provided only 
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enough has been given to render him insensible to the short, and 
comparatively slight, pain caused by the extraction of a tooth, and 
not as much as is required to prevent him from feeling a severe 
surgical operation. Many dentists have, no doubt, been pre- 
vented from using ether from a fear that its effects, after the tooth 
was extracted, would prove annoying both to themselves and their 
patients; which fear arose, I think, from an erroneous belief that a 
patient must be brought as much under the influence of ether to 
have a tooth extracted, as to undergo the amputation of a limb. 
That some cases have occurred where nausea and vomiting have 
followed the use of ether I have neither the wish, nor the intention, 
to deny; but they are by no means frequent, and have never, to my 
knowledge, been followed by any permanent ill effects. Ought we, 
then, to be deterred from using ether,—which we know to be an 
antidote to a positive evil, pain,—from the fear of consequences 
which but rarely follow its use, and which, when they do occur, 
seem to be of little moment? 

Having made the necessary previous examination, decided upon 
the operation to be performed, and arranged the instruments near 
at hand, so as to lose no time when the ether takes effect, proceed as 
follows: Place your patient in the position which he is to occupy 
during the operation (which position should be made as comfort- 
able as possible), and direct him to close his eyes and remain per- 
fectly still. Direct, also, any one who may be present to say nothing 
to the patient, as talking materially retards the process. Where a 
tooth is to be extracted, or any operation performed upon the mouth, 
the patient should be directed to inhale the ether with his mouth open; 
for,if he commences this process with his mouth closed, he will some- 
times keep itfirmly shut after he is under the influence of the ether. 
Should the patient, at any time, close his teeth in this way, the 
operator must press the palm of his left hand firmly upon the patient’s 
forehead, so as to fix the head steadily against the head-piece of 
the chair; then, placing his right hand upon the chin, overcome the 
resistance of the muscles by a sudden, but firm, downward pressure. 
Having made these preparations, pour upon the inside of such a 
bell-shaped sponge as I have above described two ounces of pure 
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sulphuric ether; then bring the hollow part of the sponge to within 
an inch of the patient’s mouth, and allow him to take four or five in- 
spirations with it in this position. If no cough is produced, the 
sponge may then be applied so as to cover the nose and mouth of the 
patient, so that all the air he breathes must pass through it. If 
any cough is produced by the first breathing of the ether, the sponge 
should not be applied so as to cover the mouth and both nostrils, 
but should be inclined a little to one side, so that one nostril may 
remain open for the air to pass through until the patient becomes so 
accustomed to the ether that it does not produce coughing. Any 
forced or irregular breathing should be discouraged, and the 
patient told to breathe in a steady, regular, and natural manner. 
Inhalation should be thus persevered in for three minutes, without 
anything being said to the patient, unless there is reason to believe, 
before that time, that he is under the influence of the ether; this can 
only be known by carefully observing the symptoms of etherization. 
These are*: redness of the countenance, dilatation of the pupils, 
which are also sometimes fixed or turned up, increased action of 
the heart, so that the pulse is quicker, and usually fuller, relaxa- 
tion of the muscles generally (sometimes accompanied by a flow of 
saliva from the corners of the mouth), and, finally, loss of conscious- 
ness and slowness of the pulse. It is not necessary, nor is it 
desirable, that, in every case where ether is inhaled, the patient 
should exhibit all these symptoms. When, therefore, a dentist is 
giving ether to a patient for the purpose of extracting a tooth, if, 
at the end of a minute from the time when the sponge is placed at 
the patient’s lips, he perceives that the countenance is flushed, the 
pulse quickened, and, particularly, if there is any relaxation of the 
muscular system (which, I think, first manifests itself in a heavy 
drooping of the eyelids, similar to that which precedes natural 
sleep), he should be told to open his eyes. If the patient opens his 
eyes quickly, and if, when he does so, the pupils appear clear, bright, 
and natural, he should be directed to close them again, and nothing 


* This is the usual appearance, although the countenance is sometimes pale; 
but this can easily be distinguished from the purple or livid appearance which too 
long a use of the ether produces. 
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more should be said to him until another minute has elapsed, when 
the same process should be repeated. If, on the contrary, when the 
patient is directed to open his eyes, he either neglects doing so en- 
tirely, or else partially raises the lids in a heavy, languid manner, 
disclosing dilated pupils, with a dull, lack-lustre expression, he 
should be asked whether he will have his tooth extracted; if he 
makes no reply, or drawls out a slow, hesitating assent, the instru- 
ment should be applied, and the tooth extracted immediately. This 
may surprise those dentists who are not in the habit of using 
ether; but I assure them that patients frequently retain sufficient 
consciousness to comprehend what is said to them, and even to 
express their willingness to have a tooth extracted, although, 
when it is done, they feel no pain. Sometimes, when in this state, 
they know when the instrument is applied, and know that a tooth 
is extracted, but regard it as belonging to some one else; or, if 
they are aware that it is their own, declare that it causes them no 
pain. Sometimes a patient will scream when a tooth is extracted, 
and very frequently will raise his hand to his head when the in- 
strument is applied to it; but these must not be considered as 
indications that he is conscious of suffering, for I have very often 
had patients do so, and yet declare, when they fully recovered, that 
they had felt no pain.* As patients, however, sometimes seize the 
hand or instrument of the operator, and thus prevent the extraction 
of the tooth, it is well to have an assistant near, who can hold the 
hands of the patient if necessary; and those persons who appear to 
be uneasy and restless while inhaling ether, should be directed to 
grasp firmly the hands of an assistant, as this frequently tranquillizes 
and quiets them. 

By carefully following the above directions, dentists may be 
assured that they will rarely fail to render their patients insensible 
to the extraction of teeth, and will usually be able to do this in 
from one to three minutes. If the ether does not take effect in 
three minutes, they will please to follow the directions given below 


* Sometimes, where it has been necessary to extract several teeth, Phen I have 
removed one, I have had the patient say to me, “Be quick! Be quick!” and yet 
declare positively, when he recovered, that he had felt no pain. 
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for administering it in surgical operations; excepting that a dentist 
need not wait until the patient does not open his eyes when directed 
to do so, but may proceed to extract the tooth if the patient opens 
his eyes in the heavy, languid manner, or speaks in the slow, drawl- 
ing tone before described. 

I should mention here that it has been proposed, and practised, 
to allow patients to inhale ether with the eyes open, in order to ob- 
serve the effect which it produces upon the pupils, and judge of 
the time for extracting the tooth by the appearance which they pre- 
sent. J have tried this method, but, on the whole, prefer the one 
which I have mentioned above as being more certain. 

When a surgical operation is to be performed, the inhalation 
should be steadily continued for three minutes without speaking 
to the patient. If, at the end of this time, the pulse is quickened 
and the muscles relaxed, so that the head has a tendency to fall on 
one side, the patient should be told, in a loud, distinct tone, to open 
his eyes; and, if he does not do so, the operation should be im- 
mediately commenced. If he does open his eyes, even in a slow 
and languid manner, he should be directed to close them, and the 
inhalation should be continued two minutes longer, when the same 
question may be repeated; and it will usually be found that, by this 
time, the patient is unconscious. Should this not occur, however, 
the surgeon should place his hand over about one-half of the sponge, 
so as to prevent loss of ether by evaporation, and continue the in- 
halation until ten minutes have elapsed from the time when the 
patient first began to breathe it, calling upon him to open his eyes at 
intervals of about one minute each.* If, at the end of ten minutes, 
he still continues to open his eyes when directed to do so, the in- 
halation should be discontinued, and not resumed again for at 
least five minutes. At the end of that time two ounces more of 
ether should be poured upon the sponge, and the inhaling resumed 
as before; but if, after inhaling a second time for ten minutes, it 
does not produce its effect, an ¢nterval of ten minutes must be allowed 


* Throughout the whole of the inhalation the operator should bear constantly 
in mind the symptoms indicating danger, which I have given below, and remove 
the sponge from the patient’s mouth as soon as any of them appear. 
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to the patient, and then, the ether having been again renewed, 
the inhaling may be resumed once more. If, at the end of the 
third trial of inhaling ether, the patient still remains unaffected by it, 
the operation had better be deferred until another day; but I can 
hardly suppose that this will ever happen where the ether is pure 
and highly concentrated, and has been administered in the manner 
above described. 

In the course of inhaling it, frequently more ether is required 
than has been at first poured upon the sponge. No certain rule can 
be given as to the amount to be added in these cases, as the evapora- 
tion, and, of course, the waste of ether, is so much greater in warm 
weather than cold. If, however, the operator perceives that the 
sponge has lost its moist and cold feeling, and does not give off the 
ethereal vapor as freely as before, he should pour upon the upper 
part of the sponge, without removing it from the patient’s mouth, 
from half an ounce toan ounce of ether.* In long operations it is 
frequently necessary to repeat the inhalation, after the patient has 
once become insensible, for fear that he should recover this con- 
sciousness before the operation is concluded. If, then, the patient 
should appear, from his motions or groans, to be recovering his con- 
sciousness before the operation is finished, the sponge should be 
re-applied to the mouth as it is, if it appears to be tolerably moist; 
and, if it is dry, half an ounce of ether, poured upon the inside of it, 
will enable the patient, by four or five inspirations, to resume his 
state of entire unconsciousness. 

Before leaving this part of the subject I wish all who make use of 
ether distinctly to understand that I by no means consider it neces- 
sary that patients should, in every instance, inhale it for so long a 
time as ten minutes. Some patients have remained insensible to 
the pain of severe surgical operations, after an inhalation of only 
three minutes, many after one of five minutes, and most require but 
eight minutes. I wish, therefore, ten minutes to be considered as 


* The ether produces the most powerful effect when poured upon the inside of 
the sponge, as at first directed; but as, after the sponge has been once applied, 
this occasions some loss of time, it is found most convenient to pour it on the top 
of the sponge, without removing it from the mouth. 
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the longest time that the inhalation should last, without removing 
the sponge from the patient’s mouth; and I feel satisfied that, if it 
be administered according to the directions, very few cases will 
occur which will render it necessary to continue the inhalation so 
long as ten minutes. 

The next class of cases differ, in one important particular, from 
those before mentioned. This is that, in those cases of which I have 
already spoken, ether is given to patients before they are sub- 
jected to pain, in order to render them insensible to it when it does 
come; but, in those of which I am about to speak, it is given to 
relieve them of pain which they already suffer. The cessation of 
pain, then, in these cases, is the best indication for suspending the 
use of ether. 

First in importance among this class are the pains of child-birth. 
When the use to which sulphuric ether is now principally applied 
was first made known, it was not at once perceived that it exerted 
its influence over the voluntary muscles alone. Before long this 
fact was noticed, and it was then proposed to administer it in cases 
of midwifery, the expulsion of the child depending chiefly upon the 
involuntary contractions of the womb. It was at first supposed 
that ether would be mostly used in cases of preternatural labor, 
where it was necessary to turn the child, or where instruments 
were to be used. It was, however, soon after administered in 
eases of natural labor, and was found to save the mother from 
suffering without injuring the child or retarding its progress into 
the world. As soon as this fact was known, many physicians 
eagerly availed themselves of this means of relieving those suffer- 
ings, which they had before been compelled to witness, without the 
power of mitigating. The cases of midwifery in which ether has 
been employed, although not numerous when compared with 
those in which it has been used for other purposes, are still many;* 

* To say nothing of the experience of other physicians in the use of ether for 
cases of midwifery, Professor Simpson, of Edinburgh, had, up to March 22d 
“used etherization some forty or fifty times, with the most perfect safety and success” 


(British and Foreign Med. Review, No. 46, p. 568). Since this date I believe that 
Dr. Simpson has added largely to his number of cases, but I have not seen any 


report of them. 
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and the very fact that no fatal or even injurious consequences 
have been made public, as having been caused by its use, at a time 
when the medical profession is everywhere so much interested upon 
this subject, and so desirous of adding to the common stock of in- 
formation, affords good ground for belief that it never has produced 
such consequences. 

Having decided upon giving ether in a case of labor, the first point 
to be settled is, at what time shall its administration be commenced. 
Most cases of labor begin, as is well known, by wandering pains, ex- 
tending from the loins and back across the abdomen to the pubes; 
but these are not at first severe, and, being followed by intervals of 
ease, during which the patient can frequently sleep, not hard to 
bear. The pains which follow these, and which attend the dilata- 
tion of the orifice of the womb, are of a cutting, grinding character, 
and frequently cause extreme suffering. Is it, then, advisable to 
administer ether at this time? In those cases where these pains 
are not very severe, and, particularly, in cases of first children, when 
a somewhat long labor is usually to be expected, it will perhaps be 
well to avoid giving ether; as, after a woman has once taken it and 
experienced the relief which it affords to her sufferings, she is un- 
willing afterward to bear a single pain without it, and we may 
thus be compelled to give more than we wish to. If, however, the 
patient undergoes the severe distress which frequently accompanies 
these cutting, grinding pains, we should be cruel to deprive her of a 
remedy which we actually hold in our hands, and which we have 
known to be administered freely, in many instances, without 
having ever known of a single evil result which could justly be 
attributed to it. Patients should, therefore, be encouraged to bear 
the less severe pains with fortitude, while the worst ones should be 
relieved by ether. When the orifice of the womb is well dilated and 
the head of the child pressing down with steady, regular, well- 
sustained, expulsive pains, there can be no doubt of the propriety 
of administering ether; and it may be continued, for most of the 
severe pains, until the child is born. If the accoucheur has 
any doubt whether the pains advance the child as much with 
the ether as without it, he should allow the patient to go through 
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two or three pains without ether, until he has satisfied himself on 
this point. In most cases he will find, owing to the relaxing power 
which the ether exerts upon the muscles, thus diminishing the re- 
sistance to the child’s head, that the labor advances rather more 
rapidly, when a patient is under its influence, than when she is not. 
When the accoucheur administers it the first time, the patient had 
better sit up in bed; he will thus be able to observe exactly the time 
which the ether takes to produce its effect, for the patient not only 
ceases to complain, but sinks quietly back on the pillow as soon 
as the pain is relieved. The ether is to be administered in the 
manner before described, one ounce of it only being poured upon the 
inside of the sponge; but, as in this instance, the cessation of pain 
is the indication to cease using the sponge, it is seldom necessary to 
apply it longer than from one to three minutes. After a patient 
has been once brought under the influence of ether, a few inspira- 
tions will usually relieve her of the subsequent pains; and this, too, 
often from the sponge used before, without adding to it any more 
ether, or only one or two teaspoonfuls. As a patient usually drops 
her hand, if it be elevated, when she has inhaled enough ether to be 
insensible to pain, it is best, in most cases in this stage of labor, to 
allow her to hold the sponge herself, and apply it to her mouth when 
she feels a pain coming on. An assistant should, however, in this 
case, be stationed at the bedside, with directions to remove the 
sponge from her mouth as soon as she is -insensible, if she does 
not do it herself. When the head of the child is about to pass through 
the external organs, it is best, after allowing the patient to inhale 
ether till she is insensible to the pain, to entrust the sponge to the 
care of the assistant, with directions to allow the patient to take a 
few inspirations from it if she seems about to recover her conscious- 
ness before she is delivered. 

In those cases of midwifery where it is necessary to apply the 
instruments, or to turn the child, the ether should be given in the 
same manner as where a surgical operation is to be performed. 

The mode of administering ether in cases of colic, cramp, or the 
passage of renal calculi along the ureters is similar to that which 
I have described as applicable to cases of midwifery, the cessation 
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of pain being the principal indication for suspending its use. _ Still, 
it must not be forgotten in these cases, as well as in those of mid- 
wifery, that there are other symptoms, besides the cessation of pain, 
which indicate that the use of ether should be immediately sus- 
pended. 

When ether is given to assist the surgeon in returning a strangu- 
lated hernia, reducing a dislocation, or adjusting the bones in a 
bad case of fracture, it is to be administered in the manner described 
as appropriate to surgical operations, and persevered in until com- 
plete muscular relaxation ensues, unless the symptoms indicating 
danger should occur. An inhalation of from three to five minutes 
will usually be found sufficient in these cases. 

Without going minutely into the effect produced on the brain and 
nervous system by inhaling sulphuric ether, it is sufficient to say 
that it is a kind of intoxication which is complete while it lasts, 
which usually comes on and passes off with equal rapidity, and 
without leaving the ill effects of ordinary intoxication. ‘This seems 
to be owing to the mode it is administered, that is, by inhalation, and 
not by being taken into the stomach. For when the lungs are 
filled with the ethereal vapor, it is necessarily brought in contact with 
the innumerable blood-vessels which ramify through every part of 
them; the vapor is taken into the circulation by direct absorption, 
and, being sent to the brain, produces immediate intoxication. 
The recovery is equally rapid, because, when the effect of the vapor 
first inhaled passes away, and the sponge is removed from the 
mouth, there being no more vapor to be taken into the circulation, 
the patient necessarily recovers. An intoxicating liquor, on the 
contrary, when taken into the stomach, is slower in producing its 
effects, as it must get into the circulation by the ordinary process; 
and the effects last longer, because intoxication continues while any 
of it remains in the stomach to be absorbed. It has been long 
known that a person in a state of complete intoxication is insensible 
to the pain of a surgical operation;* and it is probable that patients 


* In January last a patient was brought to the Massachusetts General Hospital 
in a state of complete intoxication, whose leg was so badly crushed as to require 


amputation; this was performed soon after he entered without his being at all 
aware of it. 
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would have been intoxicated in the ordinary manner before per- 
forming operations upon them, had it not been thought that the 
amount of spirituous liquor necessary to produce perfect intoxica- 
tion would injure the health of the patient, and so retard his recovery. 
The inhalation of sulphuric ether answers perfectly the desired end, 
as it intoxicates speedily and completely, and, when the inhalation 
is discontinued, its effects rapidly pass away. 

As, then, the effects produced by inhaling ether are similar to 
those caused by taking alcoholic drinks into the stomach, so the 
results of too long an inhalation of ether, as shown in experiments 
on the inferior animals, seem to resemble those produced by an 
excessive use of alcohol. When a person has taken alcohol to in- 
toxication, temporary insensibility, as is well known, usually ensues; 
and a similar condition is induced when ether is fully inhaled, 
although it does not last so long. If a person takes an excessive 
amount of alcohol into the stomach, the blood vessels of the brain 
may become permanently congested, or even ruptured, or the blood 
may be so overcharged with alcohol as to exert a poisonous in- 
fluence on the brain and nervous system, and prostration, coma, and 
death ensue. It would, doubtless, be possible to give ether long 
enough to produce the same result; but with an agent the effect of 
which is so quickly manifested, passes away so rapidly, and is 
thus so completely under our control as sulphuric ether, any fatal 
result in administering it to the human race can hardly be antici- 
pated if proper precautions are taken. And I am confident that 
any one who wishes to make use of it, if he will administer it 
exactly according to the directions given above, and wiil pay at- 
tention to the symptoms of danger which I am now about to detail, 
may give it without endangering the safety of his patients. 

If, then, at any time during the administration of sulphuric ether 
(even if the patient has but just begun to inhale it), the countenance 
should become of a livid, purplish hue; the breathing labored and 
stertorous or snorting; if the pulse, in an adult, fall to sixty-five, 
or, in a child above ten years of age, to seventy, or, under ten, 
to eighty, the inhalation must be ¢mmediately discontinued. It is of 
no consequence whether the inhalation has rendered the patient 
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insensible or not; if any of these symptoms appear, the sponge 
must be immediately removed from the mouth; and if the pulse 
does not rise, the color come back to the face, and the breathing 
become natural, cold water must be dashed into the face, strong 
aqua ammonia (which should be always kept at hand) applied to 
the nostrils, and ten drops of it in a wine-glass of water given in- 
ternally. If this does not arouse the patient, he should be taken up, 
if possible, and walked about the room, with a person supporting 
him under each arm, while the affusion of cold water, application of 
aqua ammonia to the nostrils, and administering it internally still 
goon. It has been suggested to employ electro-magnetism for the 
recovery of patients from the effects of ether. I have never used it 
myself, but should advise its trial where other means have failed, 
as it has been found by M. Ducros to arouse chickens and pigeons 
immediately from the stupor which the inhalation produced. A 
current of positive electricity passed into them when they were upon 
the isolating stool roused them in about thirty seconds; but the 
negative electricity prolonged the insensibility instead of abridging 
it.* 

But these remarks must be understood to apply to extreme cases, 
which can hardly be supposed to occur if proper caution is used. 
Ether, like alcohol, may be taken to a dangerous extent; but 
if the abuse of a thing is to be regarded as an argument against 
its careful and judicious use, many articles of almost daily domestic 
consumption might be immediately discarded. 

Some caution ought to be observed as to the state of the health 
of patients before administering ether to them. It will be proper to 
ascertain whether they have ever had hemorrhage from the lungs, 
epilepsy, disease of the heart, or a tendency to apoplexy, and, in 


* See London Medical Gazette, May, p. 829. The London Lancet, July 24th, 
p. 101, states that M. Ducros has rendered patients insensible to the extraction of 
teeth by the electro-magnetic current. In order to try these experiments I applied 
the wires of an electro-magnetic apparatus of considerable power to the thigh of a 
chicken, from which the feathers had previously been removed, and allowed the 
electric current to pass through it for five minutes; I then cut through the thigh 
to the bone without any evidence of pain being given at the part of the animal, 
although, when the other leg was slightly pricked, it quickly withdrew it. Similar 
experiments were tried, with the same results, upon a frog and a squirrel. 
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such cases, the operator should decline giving ether.* In persons 
of great nervous excitability also, particularly females, it should 
not be given for slight causes. 

The age of a patient was at first thought worthy of consideration 
in administering ether, and I at first declined, in most instances, 
giving it to young children. More extended observation has con- 
vinced me that it may be done with perfect safety; and a severe 
operation has, within a few weeks, been performed at the Massa- 
chusetts General Hospital, on an infant, three months old, whose 
sufferings were very much mitigated by the use of ether. 

As to the effect ether produces on persons in the habit of freely 
using ardent spirits, I should say, judging from the cases where 
patients acknowledged this to be the case (which are not frequent), 
that the specific effects of ether may always be produced upon them, 
but not in so short a time as in other cases. 

When the present use of ether first attracted attention, it was 
feared that its vapor, mingling with the atmosphere of the room, 
would form a dangerous explosive mixture, which would ignite 
when exposed to the flame of a candle. To obviate this danger 
it was proposed that Sir H. Davy’s safety-lamp shculd be used 
whenever ether was to be inhaled at night. To satisfy myself upon 
this point, I placed an ounce of ether upon a shovel, fastened to a 
pole eight feet long; I then placed the shovel under a lighted gas 
lamp, so that the ethereal vapor was exposed to its blaze; and, 
finding that it did not ignite, I inhaled if for a minute or two, and 
found that I could breathe directly against the flame of a lamp 
without any danger. I afterward held a lighted paper over a 
saucer of ether, and found that, at the distance of two inches, no 
effect was produced, but, that when the flame was brought within 
half an inch of the ether, it immediately ignited. From these 
experiments I conclude that the evil results to be dreaded from this 


* I think it, however, proper to state that, since September last, I have made 
daily use of it, both in my own practice and in that of others, and, in many cases, 
without knowing the state of the patient’s health in these respects, and I have never 
had any case where the patient, to my knowledge, experienced any permanent ill 
effects from its use. 
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source have been very much overrated, but that it will be proper to 
avoid bringing a lighted lamp very near to the patient, or the bottle 
of ether, when using it at night. 

Having now finished the various subjects upon which I proposed 
to speak, I will conclude by expressing my firm belief that, if any one 
will make use of ether in the manner I have described, he will 
find that he can thereby greatly increase the comfort and relieve the 
sufferings of his patients, without endangering their safety. 


1846 


MORTON’S LETHEON* 


CONSISTING OF LETTERS, ARTICLES, AND COMMUNICA- 
TIONS, THE MOST IMPORTANT OF THESE BEING THAT 
OF DR. JOHN C. WARREN, WHO PERFORMED THE 
FIRST SURGICAL OPERATION ON A PATIENT 
UNDER THE INFLUENCE OF ETHER 


* Note.—Term used in obtaining patent. See p. 311.—(C. N. B. C.) 


“Dear Sir: 


“You are supposed to take sufficient interest in the subject of 
which this circular treats to admit of an apology for taking the 
liberty of transmitting the following extracts from the communica- 
tion of Dr. H. J. Bigelow, one of the surgeons of the Massachusetts 
General Hospital, in this city, read before the Boston Society of 
Medical Improvement November 9, 1846, and before the American 
Academy of Arts and Sciences on the third of the same month. 

“You will observe that the experiments referred to by Dr. B. were 
among the earliest to which spectators were admitted; and, al- 
though striking and conclusive in themselves, they are, if possible, 
more than equalled by the numerous operations daily made, under 
the use of the discovery, in this city, as well as in other places where 
I have granted licenses for the employment of it. 

~“Tt has long been an important problem in medical science to 
devise some method of mitigating the pain of surgical operations. 
An efficient agent for this purpose has at length been discovered. 
A patient has been rendered completely insensible during an am- 
putation of the thigh, regaining consciousness after a short interval. 
Other severe operations have been performed without the knowledge 
of the patients. So remarkable an occurrence will, it is believed, 
render the following details relating to the history and character of 
the process not uninteresting. 

‘On the sixteenth of October, 1846, an operation was performed 
at the hospital upon a patient who had inhaled a preparation ad- 
ministered by Dr. Morton, a dentist of this city, with the alleged in- 
tention of producing insensibility to pain. Dr. Morton was under- 
stood to have extracted teeth under similar circumstances, without 
the knowledge of the patient. The present operation was performed 
by Dr. Warren, and though comparatively slight, involved an 


incision near the lower jaw of some inches in extent. During the 
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operation the patient muttered, as in a semi-conscious state, and 
afterwards stated that the pain was considerable, though mitigated ; 
in his own words, as though the skin had been scratched with a hoe. 
There was, probably, in this instance, some defect in the process of 
inhalation, for on the following day the vapor was administered to 
another patient with complete success. A fatty tumor of consider- 
able size was removed, by Dr. Hayward, from the arm of a woman, 
near the deltoid muscle. The operation lasted four or five minutes, 
during which the patient betrayed occasional marks of uneasiness; 
but upon subsequently regaining her consciousness professed not 
only to have felt no pain, but to have been insensible to surrounding 
objects, to have known nothing of the operation, being only uneasy 
about a child left at home. No doubt, I think, existed in the minds 
of those who saw this operation that the unconsciousness was real; 
nor could the imagination be accused of any share in the production 
of these remarkable phenomena. * * * * * * * * * & 

“The Remarks of the Patients.*—A boy of sixteen, of medium 
stature and strength, was seated in the chair. The first few inhala- 
tions occasioned a quick cough, which afterwards subsided; at 
the end of eight minutes the head fell back and the arms dropped, 
but, owing to some resistance in opening the mouth, the tooth could 
not be reached before he awoke. He again inhaled for two minutes, 
and slept three minutes, during which time an inferior molar was 
extracted. At the moment of the extraction the features assumed 
an expression of pain and the hand was raised. Upon coming to 
himself he said he had had a ‘first rate dream—very quiet,’ he said, 
‘and had dreamed of Napoleon—had not the slightest consciousness 
of pain—the time had seemed long,’ and he left the chair, feeling no 
uneasiness of any kind, and evidently in a high state of admiration. 

“A girl of sixteen immediately occupied the chair. After cough- 
ing a little she inhaled during three minutes and fell asleep, when a 
molar tooth was extracted, after which she continued to slumber 
tranquilly during three minutes more. At the moment when force 
was applied she flinched and frowned, raising her hand to her 
mouth, but she said she had been dreaming a pleasant dream and 
knew nothing of the operation. 

* See page 365. 
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““A stout boy of twelve, at the first inspiration coughed consider- 
ably, and required a good deal of encouragement to induce him to 
goon. At the end of three minutes from the first fair inhalation 
the muscles were relaxed and the pupils dilated. During the at- 
tempt to force open his mouth he recovered consciousness, and 
again inhaled during two minutes, and in the ensuing one minute 
two teeth were extracted, the patient seeming somewhat conscious, 
but upon actually awakening he declared ‘it was the best fun he ever 
saw,’ avowed his attention to come there again, and insisted upon 
having another tooth extracted upon the spot. 

“The next patient was a healthy-looking, middle aged woman, 
who inhaled the vapor for four minutes; in the course of the next 
two minutes a back tooth was extracted, and the patient continued 
smiling in her sleep for three minutes more. Pulse 120, not affected 
at the moment of the operation, but smaller during sleep. Upon 
coming to herself she exclaimed that ‘it was beautiful! she dreamed 
of being at home—it seeemd as if she had been gone a month.’ 
These cases, which occurred successively in about an hour, at the 
room of Dr. Morton, are fairexamples of the average results produced 
by the inhalation of the vapor, and will convey an idea of the feelings 
and expressions of many of the patients subjected to the process. 
Dr. Morton states that, in upwards of two hundred patients, similar 
effects have been produced. The inhalation, after the first irrita- 
tion has subsided, is easy and produces a complete unconsciousness 
at the expiration of a period varying from two to five or six, some- 
times eight, minutes; its duration varying from two to five minutes; 
during which the patient is completely insensible to the ordinary 
tests of pain. The pupils in the cases I have observed have been 
generally dilated; but with allowance for excitement and other 
disturbing influences, the pulse is not affected, at least in frequency; 
the patient remains in a calm and tranquil slumber, and wakes 
with a pleasurable feeling. 

“Two recent cases serve to confirm, and one I think to decide, the 
great utility of this process. On Saturday, the seventh of Novem- 
ber, at the Massachusetts General Hospital, the right leg of a young 
girl was amputated above the knee, by Dr. Hayward, for disease of 
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this joint. Being made to inhale the preparation, after protesting 
her inability to do so from the pungency of the vapor, she became 
insensible in about five minutes. ‘The last circumstance she was 
able to recall was the adjustment of the mouth-piece of the ap- 
paratus, after which she was unconscious until she heard some re- 
mark at the time of securing the vessels—one of the last steps of the 
operation. Of the incision she knew nothing, and was unable to 
say, upon my asking her, whether or not the limb had been re- 
moved. She refused to answer several questions during the opera- 
tion, and was evidently completely insensible to pain or other ex- 
ternal influences. This operation was followed by another, con- 
sisting of the removal of a part of the lower jaw, by Dr. Warren. 
The patient was insensible to the pain of the first incision, though 
she recovered her consciousness in the course of a few minutes. 

“The character of the lethargic state which follows this inhalation 
is peculiar. ‘The patient loses his individuality and awakes after a 
certain period, either entirely unconscious of what has taken 
place, or retaining only a faint recollection of it. Severe pain is 
sometimes remembered as being of a dull character; sometimes the 
operation is supposed by the patient to be performed on somebody 
else. Certain patients whose teeth have been extracted remember 
the application of the extracting instruments; yet none have been 
conscious of any real pain. 3 

“The duration of the insensibility is another important element 
in the process. When the apparatus is withdrawn at the moment 
of unconsciousness, it continues, upon the average, two or three 
minutes, and the patient then recovers completely or incom- 
pletely without subsequent ill effects. In this sudden cessation of the 
symptoms this vapor in the air tubes differs in its effects from the 
narcotics or stimulants in the stomach, and, as far as the evidence 
of a few experiments of Dr. Morton’s goes, from the ethereal solu- 
tion of opium when breathed. Lassitude, headache, and other 
symptoms lasted for several hours, when this agent was employed. 

“But if the respiration of the vapor be prolonged much beyond 
the first period, the symptoms are more permanent in their char- 
acter. In one of the first cases, that of a young boy, the inhalation 
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was continued during the greater part of ten minutes, and the sub- 
sequent narcotism and drowsiness lasted more than an hour. 

“It is probable that the vapor of the new preparation ceases 
early to act upon the system, from the facility with which it is ex- 
haled. 

“The process is obviously adapted to operations which are brief 
in their duration, whatever be their severity. Of these, the two 
most striking are, perhaps, amputations, and the extraction of 
teeth. In protracted dissections the pain of the first incision alone 
is of sufficient importance to induce its use; and it may hereafter 
prove safe to administer it for a length of time, and to produce a 
narcotism of an hour’s duration. It is not unlikely to be applicable 
in cases requiring a suspension of muscular motion, such as the 
reduction of dislocations or of strangulated hernia; and, finally, it 
may be employed in the alleviation of functional pain, of muscular 
spasm, as in cramp or colic, and as a sedative or narcotic. 

“The application of the process to the senate of surgical 
operations is, it will be conceded, new. 

“Tt is natural to inquire with whom this invention originated. 
Without entering into details, I learn that the patent bears the name 
of Dr. Charles T. Jackson, a distinguished chemist, and of Dr. 
Morton, a skilful dentist, of this city, as inventors, and has been 
issued to the latter gentleman as proprietor. i 

The foregoing statements, which are only a portion of the com- 
munications of Dr. Bigelow, are alone sufficient, I presume, to en- 
able you to form an opinion of the immediate and very great value 
of the invention to the afflicted or suffering, as well as to the surgical 
world. It is employed by, and has received, as you will perceive, 
the sanction of some of the most skilful and distinguished dentists 
and surgeons. The following are the statements of Drs. Warren 
and Hayward, of this city, who performed at the hospital the opera- 
tions alluded to by Dr. B. and other operators, since the time men- 


tioned by him: 


INHALATION OF ETHEREAL VAPOR FOR THE 
PREVENTION OF PAIN IN SURGICAL 
OPERATIONS 


By Joun C. Warren, M.D. 


(Communicated for the Boston Medical and Surgical Fournal.) 


Application has been made to me by R. H. Eddy, Esq., in a 
letter dated November 30th, in behalf of Dr. W. T. G. Morton, to 
furnish an account of the operations witnessed and performed by 
me wherein his new discovery for preventing pain was employed. 
Dr. M. has also proposed to me to give him the names of such 
hospitals as I know of in this country, in order that he may present 
them with the use of his discovery. These applications, and the 
hope of being useful to my professional brethren, especially those 
concerned in the hospitals which may have the benefit of Dr. M.’s 
proposal, have induced me to draw up the following statement and 
to request that it be made public through your journal: 

The discovery of a mode of preventing pain in surgical operations 
has been an object of strong desire among surgeons from an early 
period. In my surgical lectures I have almost annually alluded 
to it, and stated the means which I have usually adopted for the 
attainment of this object. I have also freely declared that, notwith- 
standing the use of very large doses of narcotic substances, this 
desideratum had never been satisfactorily obtained. The success- 
ful use of any article of the materia medica for this purpose would, 
therefore, be hailed by me as an important alleviation to human 
suffering. I have, in consequence, readily admitted the trial of 
plans calculated to accomplish this object whenever they were free 
from danger. 

About five weeks since, Dr. Morton, dentist of this city, informed 


me that he had invented an apparatus for the inhalation of a vapor, 
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the effect of which was to produce a state of total insensibility to 
pain, and that he had employed it successfully in a sufficient number 
of cases in his practice to justify him in a belief of its efficacy. He 
wished for an opportunity to test its power in surgical operations, 
and I agreed to give him such an opportunity as soon as practicable. 

Being at that time in attendance as surgeon of the Massachusetts 
General Hospital, a patient presented himself in that valuable in- 
stitution a few days after my conversation with Dr. Morton, who 
required an operation for a tumor of the neck; and, agreeably to 
my promise, I requested the presence of Dr. M. 

On October 17th the patient being prepared for the operation, the 
apparatus was applied to his mouth by Dr. Morton for about three 
minutes, at the end of which time he sank into astate of insensibility. 
I immediately made an incision about three inches long through the 
skin of the neck, and began adissection among important nerves and 
blood-vessels without any expression of pain on the part of the pa- 
tient. Soon after he began to speak incoherently, and appeared 
to be in an agitated state during the remainder of the operation. 
Being asked immediately afterwards whether he had suffered much, 
he said he had felt as if his neck had been scratched; but subse- 
quently, when inquired of by me, his statement was that he did not 
experience pain at the time, although aware that the operation was 
proceeding. 

The effect of the gaseous inhalation in neutralizing the sentient 
faculty was made perfectly distinct to my mind by this experiment, 
although the patient, during a part of its prosecution, exhibited 
appearances indicative of suffering. Dr. Morton had apprized 
me that the influence of his application would last but a few minutes 
after its intermission; and as the operation was necessarily pro- 
tracted, I was not disappointed that its success was only partial. 

On the following day, October 18th, an operation was done by 
Dr. Hayward on a tumor of the arm in a female patient at the 
hospital. The respiration of the gas was in this case continued 
during the whole of the operation. There was no exhibition of pain 
except some occasional groans during its last stage, which she sub- 
sequently stated to have arisen from a disagreeable dream. Notic- 
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ing the pulse in this patient before and after the operation, I found 
it to have risen from 80 to 120. 

Two or three weeks after these occurrences, on meeting with Dr. 
Charles T. Jackson, distinguished for his philosophical spirit of 
inquiry, as well as for his geological and chemical science, this 
gentleman informed me that he first suggested to Dr. Morton the 
inspiration of ether as a means of preventing the pain of operations 
on the teeth. He did not claim the invention of the apparatus nor 
its practical application; for these we are indebted to Dr. Morton. 

The success of this process in the prevention of pain for a certain 
period being quite established, I at once conceived it to be my 
duty to introduce the apparatus into the practice of the hospital, 
but was immediately arrested by learning that the proprietor in- 
tended to obtain an exclusive patent for its use. It now became a 
question whether, in accordance with that elevated principle long 
since introduced into the medical profession, which forbids its 
members to conceal any useful discovery, we could continue to en- 
courage an application we were not allowed to use ourselves, and 
of the components of which we were ignorant. On discussing this 
matter with Dr. Hayward, my colleague in the hospital, we came to 
the conclusion that we were not justified in encouraging the 
further use of this new invention until we were better satisfied on 
these points. Dr. Hayward thereupon had a conversation with 
Dr. Morton, in consequence of which Dr. M. addressed to me a 
letter. In this he declared his willingness to make known to us the 
article employed, and to supply assistance to administer the in- 
halation whenever called upon. These stipulations he has com- 
plied with. 

This being done, we thought ourselves justified in inviting Dr. 
Morton to continue his experiments at the hospital and elsewhere; 
and he, directly after, November 7th, attended at a painful and pro- 
tracted operation performed by me, of the excision of a portion of the 
lower jaw, in which the patient’ s sufferings were greatly mitigated. 
On the same day an amputation of the thigh of a young woman was 
performed at the hospital by Dr. Hayward. In this case the res- 
piration of the ethereal vapor appeared to be entirely successful in 
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preventing the pain of the operation; the patient stating, after- 
wards, that she did not know that anything had been done to her. 

On November 12th, an operation for the removal of a tumor from 
the arm of a young woman was performed by Dr. J. Mason Warren. 
The vapor was administered for three minutes, when the patient 
became unconscious; the operator then proceeded, the inspiration 
being continued. Standing myself on one side of the patient, 
while the operator was on the other, so entirely tranquil was she 
that I was not aware the operation was begun until it was nearly 
completed. 

On November 21st an operation was performed by Dr. J. Mason 
Warren on a gentleman, for the removal of a tumor, which covered 
nearly the half of the front of the right thigh. The patient lying 
upon a bed, the vapor was administered by Dr. Morton, in the 
presence of Drs. Charles T. Jackson, Reynolds, J. V. C. Smith, 
Flagg, Gould, Shurtleff, Lawrence, Parsons, Briggs, and others. 
After he had breathed the vapor for three minutes his head fell and 
he ceased to respire it, but presently awakening, the inhalation was 
renewed till he again appeared insensible. The operation was 
then commenced. At the first stroke of the knife he clapped his 
hand on the wound, but I immediately seized and held it during 
the remainder of the operation, though not without some difficulty 
in consequence of his struggles. The operation was completed in 
two or three minutes, and the patient remained quietly on his back 
with his eyes closed. On examination the pupils were found to be 
dilated; the pulse was not materially affected. After he had lain 
about two minutes, I roused him with the inquiry, “How do you 
do to-day ?”’ to which he replied, ‘‘ Very well, I thank you.” I then 
asked him what he had been doing. He said he believed he had 
been dreaming: he dreamed that he was at home and making some 
examination into his business. ‘‘Do you feel any pain?” “No.” 
“How is that tumor of yours?” The patient raised himself in 
bed, looked at his thigh for a moment, and said, “‘It is gone, and I 
am glad of it.”” I then inquired if he had felt any pain during the 
operation, to which he replied in the negative. He soon recovered 
his natural state, experienced no inconvenience from the inhal- 
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ation, was remarkably free from pain, and in three days went 
home into the country. 

In all these cases there was a decided mitigation of pain; in 
most of them the patients, on the day after the operation, and at 
other times, stated that they had not been conscious of pain. All 
those who attended were, I think, satisfied of the efficacy of the 
application in preventing, or, at least, greatly diminishing, the 
suffering usual in such cases. The phenomena presented in these 
operations afforded grounds for many interesting reflections, but it 
being my principal intention, at this time, to give a simple state- 
ment of facts, I shall not pursue the subject further, but close with 
two or three remarks: 

First. The breathing of the ethereal vapor appears to operate 
directly on the cerebral system, and the consequent insensibility is 
proportionate to the degree of cerebral affection. 

Second. Muscular power was for the time suspended in some 
cases; in others its loss was partial, and in one instance was scarcely 
sensible. The great relaxation of muscular action produced by a 
full dose of the application leads to the hope that it may be em- 
ployed, with advantage, in cases of spasmodic affection, both by 
the surgeon and by the physician. 

Third. The action of the heart is remarkably accelerated in some 
cases, but not in all. 

Fourth. The respiration is sometimes stertorous, like that of 
apoplexy. 

All these changes soon pass off without leaving any distinct traces 
behind them, and the ordinary state of the function returns. This 
has been the course of things in the cases I have witnessed, but I 
think it quite probable that so powerful an agent may sometimes 
produce other and even alarming effects. I, therefore, would rec- 
ommend that it should never be employed except under the in- 
spection of a judicious and competent person. 

Let me conclude by congratulating my professional brethren on 
the acquisition of a mode of mitigating human suffering which 
may become a valuable agent, in the hands of careful and well- 
instructed practitioners, even if it should not prove of such general 
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application as the imagination of sanguine persons would lead them 
to anticipate. 
Boston, December 3, 1846. 


Boston, December 7, 1846. 

Dear Sir: In compliance with your request, I will briefly state 
my experience of the effects of the gas introduced into practice by 
Dr. Morton, and administered for the purpose of lessening the pain 
of surgical operations. 

I have operated on four patients who had inhaled this gas: two 
of these cases are noticed by Dr. H. J. Bigelow in his article on the 
subject. In all of them the gas was administered by Dr. Morton. 

The first case was the removal of the tumor from the arm of a 
woman; the second, the amputation of the limb of a girl, twenty 
years of age, above the knee; the third, the removal of the breast 
of a lady in private practice; and the fourth was the same operation 
which I did on Saturday last, at the Hospital. 

In the three first cases the patients were apparently insensible and 
unconscious during the operation; they have since repeatedly as- 
sured me that they were so; no ill consequences followed the in- 
halation of the gas; they are all now nearly, if not quite, well, and 
their recovery has been, I think, more rapid than under ordinary 
circumstances, which I attribute to their having escaped the shock 
of the operation. 

The fourth patient seemed to be conscious during the operation, 
answered questions, and appeared to suffer; yet she says that she 
did not and was not aware of what was done till it was nearly over. 
She has thus far been very comfortable—more so, I should say, 
than patients usually are in the same time after this operation. 

I remain very respectfully yours, 
Gro. Haywarp. 

R. H. Eppy, Esa. 


And the subjoined extracts are from a letter of Dr. Peirson, of 
Salem, who performed the important operations of which he speaks 
under the administration of the invention by Dr. Fisk, dentist of 
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the same city, to whom I have granted the license to use it in 
Essex County: 


“Dear Sir: The two following cases, occurring in my practice 
the past week, are of interest as supporting the claims to confidence 
of Dr. Morton’s anodyne compound: 


‘Case I.—November 19th: An Irish girl, under twenty years of 
age, in attempting to step into the cars at Hamilton while they were 
in motion fell, with her arm upon the track, and had a compound, 
comminuted fracture at the elbow, from the wheel of the car. At 
about nine in the evening I amputated in the middle of the humerus. 
The operation lasted a little longer than if done by daylight, 
although it was a flap operation and quickly executed. ‘Three 
vessels were tied. Dr. Fisk, dentist, of this city, accompanied me 
and caused the patient to inhale the vapor of the compound about 
three minutes before the operation commenced. By this time she 
appeared to have yielded entirely to its influence, and became pale, 
silent, and perfectly manageable, whereas she had before exhibited 
evidence of great physical suffering and uncontrollable grief. 
Before the arteries were all tied she appeared to be returning to 
consciousness, when, on offering the apparatus to her mouth, she 
seized it with avidity, respired rapidly, and soon seemed to relapse 
into the unconscious state. It was thus renewed four or five times 
before she was placed in bed. Her own statement is that she suf- 
fered no pain during the operation, that she was asleep, and when 
she woke she breathed again of what was offered to her and fell asleep 
again—that she remembers to have done this three times. She says 
she did not know what we were doing to her, but in her sleep she 
thought she had got a reaping hook in her arm, and that she heard 
the noise of sawing wood. She says she was not sensible of any- 
thing until she was laid in bed, when she became quite talkative and 
evidently somewhat excited. She slept some hours during the 
night. On dressing the stump on the third day, she made a violent 
outcry at the slightest pain. I was convinced that her statements 
with regard to her freedom from pain during the operation were 
to be believed. 


“Case IJ.—November 21st: An intelligent tanner, about thirty 
years old, with a fracture of both bones in the middle of the left leg, 
his ankle crushed by the cars engaged in building the Salem and 
Methuen Railroad. I amputated the leg just below the knee. 
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The patient respired the vapor under Dr. Fisk’s directions. He 
says he was not conscious of feeling any pain, and after the opera- 
tion was finished and the ligatures applied, his consciousness re- 
turned, and, with great apparent sincerity, he asked 7? his limb was 
taken off. He says though he felt no pain, he was conscious of the 
presence of those around him, and he was obedient to the direc- 
tions given him. The operation was performed about 3 p.m., and 
the stump was dressed about 9, when, he says, the pain of a few 
sutures far exceeded that of the operation. 


“In both these cases the pulse became somewhat accelerated after 
the operation, the countenance assumed a vacant expression, al- 
though in the first case there was working of the brows and the 
pupils were dilated. They both appear to be doing well and 
exhibit no symptoms worthy of note. 

“Respectfully yours, 
*“Satem, November 24, 1846. “A. L. Peirson.”’ 


(Postscript, November 25, 1846.) “Yesterday I made further 
trial of the ethereal vapor, upon a middle-aged female, from whom 
I removed an adipose tumor, by an incision four inches long over 
the clavicle and scapula; she was an unimpressible subject, and 
was less perfectly under the influence of the vapor than the others, 
but she was entirely bewildered and not able to realize the nature 
of what we were doing to her. She was much more quiet than 
patients usually are, although the dissection was somewhat pro- 
tracted, by the dipping down of the tumor into the supra-spinal 
fossa of the clavicle, and confinement by fascia. She says she felt 
no pain, and did not evince any perception of the puncture of the 
needle in dressing the wound—a sensation which usually calls 
forth complaint, as it is commonly unexpected. 

“From the results I have seen at the Massachusetts General 
Hospital and in my own practice, I am led to expect the following 
advantages from its exhibition: 

‘First: Uniformity of its effects, unlike any mode of intoxica- 
tion by stimulants in the stomach or respiration of nitrous-oxide 
gas. My three patients were as unlike in age, temperament, and 
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habits as could well be imagined, yet all exhibited the same appear- 
ance of passive endurance. 

“Second: There was no instinctive or voluntary resistance, 
which is so embarrassing to an operator. This, next to its power of 
preventing the perception of pain, is the greatest merit claimed 
for it. 

“Third: The securing the patient from the severity of the great 
shock which a capital operation inflicts on the sufferer. It was 
quite noticeable, in all the patients I have seen, that there was none 
of that extreme depression which sometimes follows a severely 
painful impression on the nervous system. 

“Fourth: Its effects pass off rapidly, and, as far as I know, no 
bad results follow. 

“Fifth: It can be repeated several times during the operation, 
except the mouth or jaws are the parts to be operated on. The 
repetition of the dose is always sought by the patients with avidity. 

“Sixth: The last and most important of its effects is that it 
either wholly annuls pain or destroys the consciousness of it, so that 
it is not remembered; and thus the sentiment of fear is wholly 
obliterated. ‘The patient appears to have been dreaming, and in 
the second case said that ‘he was in a distinct existence’ (7. e., 
distinct from his former experience), thus illustrating the theory of 
double consciousness. 

“These are recommendations enough to ensure it a fair trial 
among the humane and enlightened members of our profession. 


“Dr. Morton and Dr. Jackson, at least, are entitled to the 
hearty thanks of the profession for their discovery, and the liberal 
manner in which they have offered it to all the subjects of surgical 
operations, both in and out of the hospital. 

“These gentlemen are entitled to the credit of having made 
it, for the first time, perfectly available to the suffering, and sub- 
mitted it to the test of those competent to decide on its merits, with- 
out being content to rest its pretensions on non-professional cred- 
ulity or popular notoriety. 

““SaLem, November 26, 1846. ‘A. L. Prerson.” 
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It is also gratifying for me to be able to submit the following 
subjoined extract from the subject from the address of the Hon. 
Edward Everett, LL.D., President of Harvard University, at the 
opening of the new Medical College of Boston, November 6, 1846: 

“I am not sure that since these remarks were delivered a dis- 
covery has not been announced which fully realizes the prediction 
of the text: I allude to the discovery of a method of producing a 
state of temporary insensibility to pain by the inhalation of a pre- 
pared vapor. A full account of this discovery is given in a paper 
by Dr. Henry J. Bigelow in the Boston Medical and Surgical Jour- 
nal for November 18, 1846. 

“T witnessed a very successful instance of the application of the 
prepared vapor on the eighteenth of November, and was informed 
at that time by Dr. Morton that he had employed it in several hun- 
dred cases of dentistry. It has also been made use of with entire 
success at the Massachusetts General Hospital, and elsewhere in 
Boston, in capital operations of surgery. The few cases of failure 
may perhaps be ascribed to irregularities in the process of in- 
halation, or to peculiarities of temperament or constitution on the 
part of the patient. 

““T understand that great confidence is placed in this discovery 
by the most distinguished members of the medical profession of this 
vicinity; and that they are disposed to regard it as an effectual 
method of inducing complete insensibility under the most cruel 
operations, by means easily applied, entirely controllable, and pro- 
ductive of no subsequent bad consequences. It seems not easy to 
overrate the importance of such a discovery.” 

I could multiply certificates and give you accounts of cases al- 
most without number, keeping, as I do, a record of them at my 
office. But it will be unnecessary, for, from the foregoing, I think 
you will readily conclude that the extraordinary discovery of pre- 
venting pain in dental and other surgical operations has at last been 
made, and the use of it secured for the benefit of the human family. 
It is now a matter of history that the patient can submit not only 
to dental operations, but the reduction of dislocations, removal of 
tumors, and the severest amputations, without fear, consciousness, 
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or suffering; and that the dentist and surgeon can each perform the 
most arduous duty of his profession with a certainty, a facility, and 
satisfaction hitherto unknown. In fact, the patient escapes the 
great shocks to the nervous system which are incident to all other 
modes practiced in surgery. 

The following is a circular, which I have found it necessary to 
issue, as a caution both to patients and those who have attempted, 
or may endeavour, to infringe on my legal rights. 

“Important Information for the Public at Large.—General 
Circular.—The peculiar circumstances of the case requiring that the 
subjoined information should be fully made known at this time, the 
same is now published. 

“Public Caution! Whereas letters patent of the United States 
have been duly granted for the new and valuable invention, whereby 
dental and other surgical operations may now be performed without 
pain or suffering, or any injurious results to the patient; and certain 
unprincipled persons have, in face of law and justice, without any 
license, instructions, or authority from me whatever, used my name 
and attempted to pirate said invention, endangering, from their 
want of skill and knowledge upon the subject, the lives of those 
whom they have persuaded to undergo their unwarrantable ex- 
periments: 

‘““And whereas every person endeavoring, without such license, 
instructions, and authority from me, to use my name or pirate said 
invention, either by stealth or otherwise, and every person sub- 
mitting to dental or other surgical operations under such attempts 
and pretenders; or directly or indirectly aiding or abetting in any 
infringements of my rights secured by said letters patent, thereby 
renders himself liable in his person and property to the certain in- 
convenience and expense of prosecutions and damages at law. 

“Now, therefore, on the score of humanity, as well as for the 
protection of my own rights, I do hereby give this public notice, 
and warn all persons against making my apparatus or using my 
said invention or name, without my free license, instructions, and 
authority, or in any manner lending themselves to the unprincipled 
and illegal employment of the same, as it is alike my duty and deter- 
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mination to hold every such offender strictly accountable, in his per- 
son and estate, for all damages under the laws, and for every viola- 
tion of my letters patent or infringement upon my property and 
interest in said invention. At the same time I would publicly an- 
nounce that I am now prepared to dispose of licenses, or make ar- 
rangements so that every respectable dentist and surgeon, or other 
suitable person, can obtain for his patients the benefit of or secure 
himself full instructions and authority to use said invention, upon 
just and reasonable terms; upon such terms, indeed, as must prove 
altogether less expensive to the purchaser than it will probably cost 
him in time and money to undertake to defend himself in the courts 
for infringements on my rights in the premises, to say nothing of the 
dishonesty, dishonor, or disgrace which invariably attaches itself to 
every individual, who attempts to appropriate to himself, in secret 
or otherwise, that which is not only not his own, but which 
belongs ‘in law, equity, and in fact,’ solely to another, his neighbor, 
or fellow-citizen. 

“‘ Aware that this invention is an extraordinary one, and of very 
great importance, conferring, as it does, a blessing heretofore un- 
heard of upon the human race, inasmuch as, by means of it, the 
afflicted or suffering may now submit, without pain or injurious re- 
sults, to the severest dental and other surgical operations necessary 
for the preservation of health and life, I am particularly desirous 
that my invention should not be abused, entrusted to ignorant or im- 
proper hands, or applied to nefarious purposes. 

“T therefore recommend that no individual should subject him- 
self to the use of it under any operator unless the patient learn be- 
forehand that such operator is really and duly licensed, instructed, 
and authorized to administer the same; which can be ascertained 
in every case by merely requesting such operator to exhibit his 
license; and which license every one empowered to employ my ap- 
paratus and invention possesses in writing, duly attested, under my 
own hand and seal. 

‘For terms and further particulars apply to 19, Tremont Row. 

“W.T. G. Morton.” 


Boston, November 26, 1846. 


352 WM. T. G. MORTON 


It was deemed advisable to proceed in a quiet way with the in- 
vention at first, in order, among other reasons, that letters patent for 
the discovery might be properly secured in foreign nations. But I 
am now fully prepared to dispose of licenses to use my invention and 
apparatus, in any part of the country, upon the following general 
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Surgeon’s license one-half of the foregoing prices for, or those who 
prefer it, can have it according to the prices upon this page. 
Twenty-five per cent. on all charges made for performing operations 
wherein the discovery is used: fifteen dollars to be paid down, which 
will include apparatus, a bottle of the preparation, instructions, etc. 
The party licensed to keep a correct account of all operations, the 
names of the parties operated upon, and to forward the same to me; 
also to pay me as often as once in three months. 

Apparatus, instructions, and licenses forwarded to any part of 
the country upon receipt of the money, which may be either 
forwarded to me or any person in this city, who can pay it over upon 
receipt of the foregoing. 

Infraction of agreement to be a forfeiture of the license, at the 
option of the licenser. 

Satisfactory security for payment of license fees to be given. 

The subscriber is prepared to give and receive propositions 
for agencies to dispose of rights. 

W. T. G. Morton. 

Establishment of Drs. N.C. Keep and W. T. G. Morton, 

No. 19, Tremont Row, and 74, Boylston Street, Boston, Mass. 


N. B.—As I do not wish to derive remuneration from persons in 
destitute circumstances, and only look for proper compensation 
from those able tomake it, it is proper for me to add that I have given 
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the gratuitous use of the improvement for the benefit of the poor and 
afflicted at the Massachusetts General Hospital, and intend to give 
the advantage of it to every charitable hospital for the service of the 
indigent and sick. 

Note.—All letters addressed to me must be prepaid to ensure 
their being taken from the office. 


(Hosyital Correspondence.) 


It has already been stated in the public prints that Dr. Morton 
has given the right to use the great discovery, whereby pain is pre- 
vented in surgical operations, to the public hospital. The follow- 
ing correspondence upon the subject, between that gentleman and 
the governor of the Massachusetts General Hospital, is highly 
creditable to all parties: 

To the President and Trustees of the Massachusetts General 

Hospital, 

GENTLEMEN: Most, if not all, of you may be aware that I have 
both privately and publicly declared that it is not my intention or 
desire to receive from benevolent infirmaries, nor from persons in 
destitute circumstances, any compensation for the employment of 
the new discovery whereby pain may be prevented or alleviated in 
surgical operations. 

And, long convinced of the excellence of the charitable establish- 
ment over which you preside, and of its great and increasing 
importance in the service of humanity, I beg leave respectfully to 
inform you that I shall be happy to present to the Massachusetts 
General Hospital, if it be agreeable for the President and the Trus- 
tees to accept the same, the fullest right, under the letters patent 
granted me by the Government of the United States, to use the dis- 
covery above mentioned for the benefit of indigent patients—the 
sick or suffering poor, and other persons at the institution. 

With very great respect, 
Iam, Gentlemen, 
Your most ob’t ser’t, 
W. T. G. Morton. 
No. 19, Tremont Street, Boston, December 14, 1846 
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Boston, December 21, 1846. 
Dr.W.T.G. Morton, 

Str: At a meeting of the Trustees of the Massachusetts General 
Hospital, held yesterday, your letter of the fourteenth inst., pre- 
senting to the hospital the right to use your “discovery for the 
prevention or alleviation of pain in surgical operations,” was laid 
before the board. 

I am directed, by a vote of the Trustees, to inform you that they 
accept your polite offer, and to express to you their thanks for your 
valuable gift, and their sense of the importance of the right to use 
your discovery, in the institution under their control. 

Your ob’t ser’t, 
Marcus Morton, JR., 
Secretary Mass. General Hospital. 


(From the Boston Medical and Surgical Journal.) 


Operations without Pain.—In the leading article of this day’s 
Journal, by Dr. H. J. Bigelow, the profession will notice that an 
impression exists here in Boston that a remarkable discovery has 
been made. Unlike the farce and trickery of mesmerism, this is 
based upon scientific principles, and is solely in the hands of gentle- 
men of high professional attainments, who make no secret of the 
matter or manner. ‘To prevent it from being abused and falling 
into the power of low, evil-minded, irresponsible persons, we 
are informed that the discoverer has secured a patent, and that 
means were taken to have the same security in Europe even before 
publicity was given to it here. Without further remarks, we cheer- 
fully publish all that has been given to us on the subject, and wait 
with impatience for the decision of the profession in regard to its 
real value. 


(From the Boston Medical and Surgical Journal.) 

The attention of the medical public has been recently fixed 
upon a discovery said to be capable of preventing the severe suffer- 
ing of patients undergoing surgical operations. The mere announce- 
ment of such an improvement cannot fail to interest every man of 
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common humanity, while to the operating surgeon it opens the 
prospect of a most gratifying triumph of his art. Every fact, well 
attested, is of interest in relating the history of this new expedient 
to relieve human suffering. The following cases having occurred 
in this city, and being the first operated upon under the influence 
of the new process, may, perhaps, be regarded of sufficient impor- 
,tance to deserve record. 

On the twentieth ultimo, Dr. Horace Kimball, an accom- 
plished dentist of this city, put into my hands a recent number of the 
Boston Medical and Surgical Journal containing an article from 
the pen of Dr. Bigelow on this subject. There was no room to 
doubt the respectability of the source from which the information 
was derived, and accordingly I made arrangements with Dr. 
Kimball to have the inhalation administered to a young lady 
who was to be operated on for the removal of a scirrhous tumor 
under the right mamma on the twenty-first ult. Owing, however, 
to his inability to avail himself of the use of the only apparatus for 
its administration at that time in New York, the lady, after having 
had her hopes raised, was obliged to submit to the operation without 
being able to participate in the benefits of the new discovery. It 
was successfully performed, and she has since entirely recovered. 

On the fourth inst. Dr. Kimball, having become the agent of 
the discoverers in this city, and having provided himself with the 
necessary apparatus, afforded me an opportunity of making a trial 
of the inhalation at my office, No. 11 Carroll Place, in the presence 
of several professional gentlemen and medical students, in the 
case of a young lady from Brooklyn. ‘The case was one of enlarged 
tonsils. The patient, after respiring the ethereal vapor for a few 
minutes, became apparently insensible, breathed heavily, had the 
pupils dilated and the pulse slightly accelerated, when, on attempt- 
ing to open her mouth, I found the jaw closed spasmodically. 
This obstacle was in a minute or two overcome, and her mouth was 
opened, when a pleasant smile passed over her countenance. ‘The 
left tonsil was excised, apparently without her notice. I laid down 
the instruments, intending to have the inhalation repeated before the 
removal of the second tonsil, but at the suggestion of Dr. Kimball 
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that she was still under the influence of her original dose, I pro- 
ceeded to the removal of the second tumor. She soon afterwards 
opened her eyes and smiled with returning consciousness. She 
declared that she had no knowledge whatever of the first operation, 
but remembered smiling at having her mouth “‘so nicely opened.” 

The operation in the first instance was thus perfectly successful, 
and in the second was partially so, and but for the time lost, quite 
unnecessarily, both the tonsils might have been removed during the 
period of her entire unconsciousness. 

Another operation was performed on a boy who had been my 
patient in 1840, with a double hare-lip, complicated with a terrible 
fissure of the palate. In this case, which had been perfectly 
successful, the end of the nose was drawn down a little to the lip, and 
he had been desirous himself of trying the effect of an incision at the 
upper part of the lip, with the view of liberating it, and giving a 
better expression to these features. 

He inhaled the vapor for two or three minutes and became 
entirely insensible. The knife, a small straight bistoury, was passed 
just under the ala nasi of the left side, through the upper lip, and 
brought out at the corresponding point at the other side, completely 
separating the lip from the nose, without apparently occasioning 
the least sensation. 

It was several minutes before he recovered consciousness. On 
being interrogated, he declared that he was not sensible of being 
hurt, did not know when he was cut, and felt no pain. His appear- 
ance and expression of countenance corroborated entirely his 
declarations and left the fullest impression on the minds of all 
present of the perfect insensibility occasioned by the ethereal 
inhalation. As I had repeatedly inhaled the vapor of sulphuric 
ether as long ago as the year 1822, and as I had seen it repeatedly in- 
haled by others, I was desirous of trying on myself the effects of this 
agent, in order to satisfy myself whether I could discover any differ- 
ence in its apparent effects from those of the vapor of ether. 

I was thrown into a state of perfect insensibility, unaccom- 
panied with the least pain or inconvenience, but, on the contrary, I 
felt, on recovering, as if I had been in a beatific vision. No head 
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ache or unpleasant sensation of any kind followed the inhalation, 
and I recognized precisely the sensations which I had formerly 
experienced from the effects of ether. 

On the eighth of this month I was present, by the polite invitation 
of my distinguished friend, Dr. Mott, at an operation which 
he performed on a lady for the removal of a cluster of tumefied 
glands from the right axilla. After inhaling the vapor for a suf- 
ficient time to induce a state of insensibility, an incision of four or 
five inches in length was made parallel to the edge of the pectoralis 
major,and after some progress had been made in the operation, the 
patient was asked by Dr. Kimball how she felt. She replied, “‘ Very 
comfortable.” “‘Do you feel any pain?” “No.” To the same ques- 
tion repeated after a short interval a similar reply was made, and 
after a further lapse of time, the patient partially arousing, in- 
quired, ‘‘ Have they begun the cutting ?”—thus manifesting her total 
unconsciousness of what she had passed through up to that period. 
Afterwards her sense of pain appeared for some time considerably 
blunted, but she became gradually more and more conscious of what 
was done, until at last her sense of suffering seemed to be entirely 
natural. 

In this operation, which from its position and the implication of 
important parts was necessarily protracted, the influence of the 
narcotic agent was not sufficiently permanent to prevent entirely 
the sense of pain; yet it was evident, both to the accomplished 
operator and to all spectators, as well as to the patient herself, 
that her sufferings were in part averted entirely, while the rest 
was entirely mitigated. 

On the tenth inst. I accompanied a young lady to Dr. Kimball’s 
who had a second bicuspid tooth on the left side of the upper jaw 
removed, under the influence of the ethereal inhalation. In this 
case the patient raised her hand to her mouth as if to prevent the 
process, but when it was accomplished, she manifested a total 
ignorance, not only of the pain, but of all knowledge of the opera- 
tion. She declared that she knew nothing about it, and remem- 
pered only a delicious dream or vision. 

No evil consequences followed in this or either of the preceding 
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cases, and the effect of what I have seen has been on my own 
mind a firm conviction that the discovery of Drs. Morton and Jack- 
son has added to the resources of the surgical art one of the most in- 
valuable benefits of which modern times can boast. It is certainly 
a great boon to suffering humanity, and they deserve the unmingled 
gratitude of mankind. In amputations and all other surgical opera- 
tions which can be performed at once with rapidity and safety this 
discovery furnishes a perfect immunity from pain; and in those more 
protracted, a great alleviation may be obtained; while that most 
excruciating operation, the extraction of teeth, which everybody has 
more or less frequently to endure, is no longer an object of dread, 
since, by the means of the inhalation, the patient is rendered ab- 
solutely and entirely unconscious of pain. 

In reference to the rationale of the process, it will immediately 
occur to the practical surgeon that in cases of cerebral injuries 
where coma exists, and where operations for cutting the scalp 
and removing bone by trephine and saw are habitually performed 
without consciousness on the part of the patient, a case is presented 
parallel to that of insensibility from inhaling the vapor of ether. 
The ether is absorbed with the oxygen of the atmosphere during in- 
spiration. Is it not natural that it should excite a certain degree 
of dilation of the vessels of the brain, slight and evanescent certainly, 
but still producing a temporary pressure on the cerebral substance, 
thus furnishing at once an analogy with the coma of compression, 
and an explanation of this most singular and interesting phenomenon 
of insensibility to the knife induced at will, and with an impunity 
as real as it is surprising ? 

In furnishing this record of the first cases of surgical operation 
performed in New York under the influence of the Boston discovery, 
I feel that I am contributing my humble share to the mass of tes- 
timony which my fellow-men have a right todemand on an occasion 
which appeals to the love of the human nature as well as to the pride 
and pleasure of a profession in itself most honorable, and which 
receives from this discovery a happy addition to its glorious and 
humane triumphs. 


A? BYCox. 
No. 11 Carroll Place, N. ¥Y., December 18, 1846. 
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(Boston Surgical Journal.) 


ARE INVENTIONS IN SURGERY AND IN CHEMISTRY 
LEGITIMATE SUBJECTS FOR PATENTS? 


By a Correspondent who has no Property in Patent Rights. 


Several correspondents of the Boston Medical and Surgical 
Journal, in their remarks concerning the patent granted by the 
general government, to Drs. Morton and Jackson, for their new and 
important discovery by which pain may be prevented or alleviated 
in surgical operations, seem to proceed upon the ground that the 
patent has been issued for a secret process. This is a mistake on 
their part; and, if they will reflect for a moment, or merely possess 
themselves of the ordinary law-knowledge upon the subject, they 
will perceive the error into which they have so inadvertently fallen. 

No patent is or can be granted for a secret process. The very 
meaning of the word “patent” is “open,” public, not private or 
secret; and the very first pre-requisite of a patent is that the in- 
ventor shall furnish the government with a written description of 
his discovery, so that any one skilled in the art or science to which it 
appertains may know how to make and use the same; and so, at the 
expiration of the term during which the law secures the exclusive 
right of the discovery under a patent to the inventor the public at 
large may be at full liberty to make and use such discovery. These 
are the words of the law: ‘‘ But before any inventor shall receive a 
patent for any such new invention or discovery, he shall deliver a 
written description of his invention or discovery, and of the manner 
and process of making, constructing, using, and compounding the 
same, in such full, clear, and exact terms, avoiding unnecessary pro- 
lixity, as to enable any person skilled in the art or science to which it 
appertains, or with which it is most nearly connected, to make, con- 
struct, compound, and use the same.” 

The authority to grant patents is established by the Constitution 
of the United States, which declares that “Congress shall have power 
to promote the progress of science and useful arts, by securing for 
limited times to authors and inventors the exclusive right to their 


respective writings and discoveries.” 
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The object of the framers of this clause in the Constitution was 
undoubtedly to sharpen the wit and ingenuity of the people, to stim- 
ulate citizens of every class in their researches and labors—to en- 
courage them, by the prospect of an adequate remuneration, under 
an exclusive right for a term of years, to delve into secret recesses of 
nature and art, and discover, reduce to practice, and bring out to 
public view and use, every improvement or invention to be found, 
devised or thought of, for the comfort, preservation, health, or happi- 
ness of the race. 

Nearly, if not all, great inventions have been patented; and were 
it not for the Constitution and the laws, and the decisions of the 
tribunals, in this behalf, very few modes, great improvements, or 
processes would be made—or if made at all, be promulgated to the 
community at large. They would be wrought in private—prac- 
tised arid ‘kept,in,secreti.g 4.0) tah i eR Be eee 
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PREFACE 


As I am continually called upon, and addressed by letter, by 
persons unacquainted with the properties of ether, asking informa- 
tion concerning its safety and adaptation to their individual cases, 
and also why I will never, under any circumstances, willingly give 
chloroform, I have thought it best to draw up the following account 
in answer to such inquiries. 

There is no work of small compass and of good authority to 
which I could refer the majority of popular readers for satisfactory 
information on these questions; and in order that I might answer, 
once for all, such interrogatories, I have reduced my experience of 
four years’ practice in etherization to a convenient form in the 
present work. 

I have compared it with the experience of the most eminent men 
in America and Europe, whose names will be sufficient guarantee 
that what is here advanced may be depended on as the present state 
of knowledge on these interesting subjects. 

Though this is intended as a general answer to frequently re- 
peated questions, I do not expect nor intend that it shall he thrust 
forward as a universal reply; I shall be, as usual, happy to give or 
receive any information which may tend to improve or to extend the 
practice of etherization. 


19 Tremont Row, Boston, 
September, 1850. 


SULPHURIC ETHER AND CHLOROFORM 


It is now nearly four years since the first demonstration, by my- 
self, that the inhalation of sulphuric ether possessed the remarkable 
property of annihilating pain during dental and surgical operations, 
and that this inhalation was attended with no risk to life. The use 
of this agent may now be fairly considered as an essential prelimin- 
ary in all operations or conditions of the system in which pain forms 
an important element. After the first experiment on myself in the 
middle of September, 1846, I waited impatiently for some one on 
whom I could make a more extended trial. Towards evening a 
man, residing in Boston, whose certificate I have, came in, suffering 
great pain, and wishing to have a tooth extracted. He was afraid 
of the operation, and asked if he could be mesmerized. I told him 
i had something better, and saturating my handkerchief gave it to 
him to inhale. He became unconscious almost immediately. It 
was dark, and Dr. Hayden held the lamp, while I extracted a firmly- 
rooted bicuspid tooth. There was not much alteration in the pulse 
and no relaxation of the muscles. He recovered in a minute, and 
knew nothing of what had been done to him. This was on the 
30th of September, 1846. This I consider to be the first demon- 
stration of this new fact in science. As soon as the man whose 
tooth I had extracted left my office, I consulted Dr. Hayden as to 
the best mode of bringing out my discovery. We agreed it was best 
to announce it to the surgeons of the hospital; but as some time 
would elapse before an operation, I thought it best to procure some 
assurance which would induce my patients to take it. I therefore 
called upon the man who had taken it, and found him perfectly 
well. I then called on Dr. Warren, who pronised me an early 
opportunity to try the experiment. 

In the mean time I made several additional experiments in 
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my office with various success. From them I select the following 
as examples of its varied effects. 

I gave it to a lady, but it produced no other effect then drowsiness, 
and when breathed through the apparatus it produced suffocation. 
I was obliged to abandon this mode, and obtaining from Mr. 
Wightman a conical glass tube, I inserted a saturated sponge in the 
larger end, and she breathed through that. In this way she seemed 
to be in an unnatural state, but continued talking and refused to 
have the tooth extracted. I made her some trifling offer, to which 
she assented, and I drew the tooth without any indication of pain 
on her part, not a muscle moving. Her pulse was at 90, her face 
much flushed, and after coming to, she remained a long time 
excessively drowsy. From this experiment I became satisfied of 
what is now well proved, that consciousness will sometimes remain 
after sensibility to pain is removed. 

I afterwards gave it to a Miss L., a lady of about twenty-five. 
The effect upon her was rather alarming. She sprang up from the 
chair, leaped into the air, screamed, and was held down with 
difficulty. When she came to she was unconscious of what had 
passed, but was willing to have it administered again, which I 
did with perfect success, extracting two molar teeth. 

Agreeably to his promise, on the sixteenth of October, Dr. Warren 
requested my presence at the hospital to administer the ether to a 
patient who required an operation on the neck. I applied the 
apparatus for about three minutes, when the patient sank into a 
state of insensibility. An incision three inches long was made in 
the neck, and a difficult dissection among the important vessels and 
nerves of this region was commenced, without any expression of pain. 
Soon after he began to speak incoherently, and appeared to be in an 
agitated state during the remainder of the operation. On asking 
him if he had felt any pain he replied in the negative; adding that 
he knew the operation was proceeding, and compared the knife to a 
blunt instrument passing roughly across his neck. 

On the next day, October 17th, a tumor was removed from the 
arm of afemale at the hospital by Dr. Hayward. In this case I 
continued the application during the whole of the operation, which 
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lasted seven minutes; there was no sign of pain, though there 
were occasional groans during the last stage, which she said after- 
wards arose from a disagreeable dream. 

I continued to administer the ether in my office; the following 
cases, which occurred successively there, in about an hour, of which 
Dr. H. J. Bigelow took the following notes, are good examples 
of the usual results produced by the inhalation of ether, and of the 
feelings and expressions of patients under its influence. * 

* * * * * * * * * * * * * * * * * * * 

Having, in a previous publication,f given a sufficiently detailed 
account of the proper way to administer sulphuric ether, I shall not 
enter again into these details, but pass at once to the consideration 
of the comparative value of different anesthetic agents. I need 
only allude to the comparatively slow progress of this discovery in 
America, and the immense mass of testimony from the most 
eminent men of Europe in favor of its almost universal applica- 
bility. To those who would be acquainted with the various at- 
tempts instigated by envy, malice, or interest, to establish priority 
of discovery, and deprive me of the honor of originating the idea, 
and the consequent experiments, I may refer to the report of the 
Massachusetts General Hospital, re-published with notes by R. H. 
Dana, Jr., to the Report of the Committee to Congress, and to the 
award of the Monthyon Prize by the Paris Academy of Sciences. 

After the claims of ether had become fairly established, another 
anesthetic agent, chloroform, was introduced by Professor Simpson, 
of Edinburgh, as a means of destroying the pains of parturition. 
This new agent soon created a strong impression in its favor, and 
has been by many substituted for ether. Its alleged advantages are 
its more rapid and intense action, its smaller dose, and its more 
agreeable taste and smell. Extensive trial, both in this country and 
in Europe, has, I think, proved its great dangers; several deaths 
have been caused by it, while there is no well-ascertained fatal result 


* Note.—A summary of cases already quoted in this volume (p. 336) appears 
here in the original. 
+ On the Proper Mode of Administering Sulphuric Ether by Inhalation, Bosion, 
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traceable to ether. For this reason many surgeons, and among 
others Dr. George Hayward, of this city, have denounced chloro- 
form as dangerous, given up its use, and returned to sulphuric ether 
with increased confidence. 

The question, then, is that of the comparative safety of sulphuric 
ether and chloroform. This question can only be settled by 
experience, and by comparing their effects on the system; such 
experience has been accumulated to a great extent, and it is the ob- 
ject of these pages to show that the conclusions drawn from it prove 
the great superiority of sulphuric ether to other anesthetic agents. 
My own experience in the application of the former, which has been 
considerable, and probably unsurpassed by any extent in freedom 
from accidents, will supply abundant material for its full considera- 
tion. For the effects of chloroform I shall depend on the published 
accounts of the best authorities. 

To make a just comparison it will be necessary to say a few 
words on the physiological and pathological effects of ether and 
chloroform. 

Though the general effects of ethereal inhalation are similar in 
nearly all cases, yet certain idiosyncrasies, or certain conditions 
of the system, modify the phenomena, as they do of all other 
medicinal agents. Instead of quiet and sleep, you often see ex- 
citement, agitations, or even slight delirium. In some cases small 
doses will etherize, in others it requires a large dose to pro- 
duce unconsciousness. Sometimes, while pain is annihilated, 
the intellect and the senses are unaffected; the circulation, respira- 
tion, muscular action, secretions, and consequent phenomena are 
variously modified. Besides idiosyncrasy, no doubt many of these 
anomalous or discordant phenomena are owing to improper 
quality or quantity of the ether, or some defect in the manner of 
administration. It is of the first consequence that the ether should 
be pure and highly concentrated. As a general rule, about two 
ounces * * * * * * should be used to begin with, this 
being sufficient for full etherization in most cases; and it is better to 
induce this rapidly by a large dose, than gradually by a succession 
of small ones. ‘To secure a due proportion of atmospheric air to 
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the lungs, a simple bell-shaped sponge is preferable to complex in- 
halers. Early experiments were attended with disagreeable results, 
from the supposition that it was necessary to inhale ethereal vapor 
alone, instead of atmospheric air charged with this vapor. The 
effects of ether are usually produced in from three to five minutes. 
On removing the sponge and allowing the introduction of pure air, 
recovery takes place in about the same time. That there is no dan- 
ger in prolonging the state of etherization for a considerable period 
the records of midwifery fully prove. After recovery from this 
state the brain and nervous system are rarely inconvenienced by the 
excitement if the ether has been pure; even headache is uncommon, 
and nausea or vomiting, delirium, or convulsions are quite rare, 
unless it is inhaled soon after eating. 

The symptoms indicate two distinct stages of etherization, or 
tather the complete and the incomplete. As the latter is all 
that is required for the dentist’s operations, in which no important 
nerves or vessels are wounded, it is important to be able to recognize 
it. After the cessation of the slight cough which leads the patient 
to reject the sponge, the respiration becomes more rapid and audible; 
the'pulse is natural or slightly accelerated; the pupils are unaffected; 
the muscular apparatus is somewhat excited, and the movements 
more or less disordered; the inspirations become deeper, till at last 
insensibility comes on. In this stage we meet with the most curious 
affection of the intellectual and sensitive functions, in which sensa- 
tion is destroyed while the intellect is untouched, the pain perceived 
but not recollected, or the will active and the power of motion 
lost. These are now known to be cases of incomplete etherization. 
The completed stage is characterized by a perfect relaxation of the 
muscular system; the pulse becomes slow; the pupils often dilated; 
the respiration often snoring. The sign to suspend the application 
is the diminished force and frequency of the pulse, and even before 
this, the muscular relaxation. 

Ether undoubtedly acts in the first place as a stimulant and finally 
as a narcotic. Magendie and Orfila have offered strong reasons 
for believing that the anesthetic state is analogous to intoxication 
from alcohol. Both produce the same excitement and subsequent 
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insensibility; both act principally on the nervous system through 
the medium of the circulation; both may be detected in the blood by 
undoubted tests. It may, then, be called an intoxication, quickly 
produced, and as quickly disappearing. 

Much has been written by physiologists on the order in which 
the various parts of the nervous system are affected; and there 
seems to be some discrepancy of opinion at the present time. M. 
Flourens (in a memoir before the French Academy, in February, 
1847) maintained that the action of ether on the nervous centres is in 
the following order: the cerebral lobes first are affected—in other 
words, the seat of the intellect; then the cerebellum, when equalib- 
rium of motion is lost; then the spinal marrow, with loss of sensa- 
tion and afterwards of motion; finally (if the experiment be carried 
to this extent), the medulla oblongata, cessation of respiration, and 
death. 

My own experience leads me to adopt very nearly the conclusions 
of Dr. Brown, that the various parts of the nervous system are 
affected, in cases of complete and normal etherization, in the follow- 
ing order: The cerebellum first, then the cephalic ganglia, the true 
spinal marrow, the ganglia of special sense and the cerebro-spinal 
system, and lastly the cerebrum proper; though it is not probable 
that the cerebrum is ever fully etherized, from the occurrence of 
dreams; total insensibility of the cerebrum would be nearly 
equivalent to death or complete etherization of the medulla ob- 
longata. 

It has been a question whether ether produced its effects through 
the nervous or vascular systems. The first (stimulant) effect of 
ether is without question due to the conveyance of its action by 
the par vagum of the medulla oblongata, causing increased res- 
piratory movements and quickened pulse; but, as faras experiments 
yet prove, the narcotic effects of ether are produced through the 
blood vessels. ‘This is easily understood when we consider the great 
extent of the internal pulmonary surface, its vascular network, and 
the ease with which air is taken up; once introduced into the pul- 
monary blood it would be very soon sent by the heart to the cerebral 
organs, and produce speedy narcotism. Unlike alcohol, ether taken 
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into the stomach does not produce its specific effects. This has 
been proved by the experiments of Flourens; and this we should 
expect from the less extent and absorbing power of the gastric sur- 
face. Whether the ingestion of ether vapor into the stomach would 
be equally ineffectual has not been proved; we know that the in- 
jection of the vapor into the rectum is speedily followed by insen- 
sibility. (See Comptes Rendus, Avril, 1847, p. 605.) 

When we consider the immense number of cases in which ether 
has been administered, and the exceedingly few and trifling ac- 
cidents consequent on its use, we may fairly say that its inhalation 
is unattended with danger. I have administered it in thousands 
of cases without a single alarming result, to persons of every age, 
temperament, and condition of bodily health. The experience of 
Dr. George Hayward, of this city, is to the same effect. He says 
(Boston Medical and Surgical Journal, April 10, 1850): “I have 
administered it to persons of all ages, of every variety of constitution, 
and in almost every state of the system, and I have never known in 
a single instance a fatal or alarming result. I have given it to in- 
fants of seven weeks old and to individuals of seventy-five years 
with entire success. ‘There is reason to doubt whether death has 
in a single instance been produced by it when it has been properly 
administered.” 

Its advantages as an anesthetic agent are its perfect safety, the 
ease with which it is administered, and the absence of ill conse- 
quences. Nausea, vomiting, and irritation of the air-passages rarely 
occur unless the ether be impure or be improperly administered; 
excessive narcotism may be remedied by cold water externally and 
stimulants internally, which will soon excite the respiration to free 
the lungs from the ethereal vapor. The pungent and disagreeable 
odor of ether is a trifling objection compared with its advantages 
over chloroform in point of safety. I may again quote Dr. Hay- 
ward in this connection, who says: “I should give it the preference 
over every other article with which I am acquainted that is used for 
the purpose of producing insensibility.” 

I leave it to surgeons and physicians to speak the praises of ether 
in the various surgical, medical, and obstetrical operations in which 


370 WM. T. G. MORTON 


it is now universally used, whenever the relief of pain is an object 
of importance; I shall only allude further to a few results of my 
own experience in dentistry, which may not be uninteresting to the 
profession. I will here introduce a table showing these results for 
a short period of my practice, which will enable me to show the 
nature of the operations, the quantity of ether required, the time 
for producing and the duration of unconsciousness, with the general 
effects on patients of different ages and temperaments. [In the 
original a table is here given which is summarized by the author 
in the following paragraph. | 

From these cases, forty-four in number, we see that both sexes 
are affected in the same manner; that ether may be given at all 
ages; that for ordinary operations the quantity required varies from 
one half to two ounces; that insensibility is produced in from one to 
four minutes; that recovery takes place in lesstime, proportioned to 
the severity of the operation; that it is well borne by every variety of 
temperament; that the pulse, when affected at all, is generally 
slightly quickened, rarely slower than natural; and that, for the 
most part, those under its influence remain perfectly quiet and un- 
disturbed by nausea or vomiting. 

Chloroform, or the perchloride of formyle, which was at first ex- 
tensively employed as a substitute for ether, till numerous fatal ac- 
cidents led to its more limited use, was first brought into notice as 
an anesthetic agent by Dr. Simpson, of Edinburgh, who is entitled 
to the greatest praise for his scientific endeavors to improve our 
knowledge of anzsthetic agents. He says it possesses over sul- 
phuric ether the following advantages: it is more powerful, 120 drops 
being sufficient to produce insensibility; he has seen it produced 
“by six or seven inspirations of thirty drops of the liquid”; its 
action is more rapid and complete, and generally more persistent; 
it is more agreeable to the taste and smell. He might have added, 
if experiments then had allowed, that it is also very much more 
dangerous, and its very danger consists in its so-called advantages. 
We have reason to believe that the chloroform used by Dr. Simpson 
is a purer and superior article to that commonly used here; this 
may account for the favor with which he views it. To counter- 
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‘balance its agreeable taste and odor, chloroform is of an acrid, 
caustic nature, and is apt to excoriate the skin. According to Dr. 
Hayward, its administration is generally followed by headache and 
vomiting, which continue for hours, with restlessness and want of 
sleep. Several cases came to his notice where it was taken in small 
quantity for dental operations, in which the brain and nervous 
system were affected to an alarming extent. Convulsions have 
frequently attended its use, as detailed by Dr. J. C. Warren (On 
Chloroform, Boston, 1848). 

The physiological effects of chloroform are of the same nature as 
those of ether, only greater in degree, more rapidly produced, less 
to be calculated on, and therefore more dangerous. That the 
partizans of chloroform were too hasty in maintaining that it al- 
ways produces a calm sleep, without agitation or excitement (which 
was one of its alleged advantages), we may quote the distinguished 
surgeon Roux, who (Comptes Rendus, December, 1847) gives 
details of operations under its influence performed by himself, in 
which the involuntary movements (in a state of complete insensi- 
bility) were so violent that they were with difficulty managed; in 
another case the patient’s recovery was attended with the same ex- 
citement, disordered intelligence, and loquacity which have been 
set down as peculiar to ethereal inhalation. 

Velpeau, though allowing the rapidity and certainty of its action, 
says that the duration of the insensibility is such as to render it 
dangerous in unskilful hands. A woman, who had inhaled it for 
only two minutes, remained for eighteen minutes without giving 
the least sign of sensibility. Its strength is such that an animal dies 
under its influence in two minutes, that would require the in- 
fluence of ether for twelve minutes. As a general rule, a drachm of 
chloroform is considered equal to an ounce of ether. ‘The very fact 
of its quick and certain action renders it formidable if prolonged 
carelessly; it is impossible to know exactly when to stop, and the 
fatal blow may be given before we are aware of the danger. 

M. Dumas, the eminent chemist, considering the extreme power 
of this substance (see authority last quoted) and its liability to 
abuse, remarked that chloroform ought to be classed among the 
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poisons whose sale is forbidden by law unless on the prescription of 
a physician, and recommended the police to attend to the subject. 

These, and many other authorities which might be quoted, suf- 
ficiently attest the great danger of chloroform; and, unfortunately, 
there are many cases of death which can only be attributed to this 
powerful agent, though administered with care to healthy persons, in 
very small quantities, and by cautious practitioners. Even the 
death of a single individual should open the eyes of its advocates to 
the dangers of its use; but when upwards of twenty fatal cases can 
be clearly traced to the action of chloroform, it seems unjustifiable 
practice to submit a patient to its dangers, especially when we have 
in sulphuric ether an agent equally effectual and perfectly saje. 

Malgaigne, in his Report to the French Academy, says that 
chloroform possesses a poisonous action peculiar to itself, which 
action, by being too much prolonged, may cause instant death; 
we can never be certain of being able to control it within the bounds 
which produce mere znsensibility, when the passage from this to 
death is so sudden and so near. 

Dr. Hayward, alluding to the undoubted fatal cases from the 
use of chloroform, says: ‘I know not how a conscientious man, 
knowing this fact, can willingly take the responsibility and expose his 
patient to this fearful result.”’ 

To show the danger of chloroform, its power, suddenness of 
action, symptoms, and morbid appearances, the table in Dr. 
Warren’s work (above quoted) containing ten fatal cases may be 
consulted with advantage. Of these ten cases, three were for 
operation connected with dentistry, viz., extraction of stumps, 
toothache, etc.; two had never used any anesthetic agent before; 
while the third had used chloroform frequently without bad effects, 
yet she died instantly at last while under its influence—showing 
that previous use with impunity is no security against a final fatal 
result. The time of inhalation in most of the cases was about 
one minute, from a sponge, handkerchief, or apparatus; the quan- 
tity varied from twenty drops to half an ounce; death ensued in two 
cases instantly, in the other in from one to ten minutes—showing 
the fatal issue cannot depend on the quantity inhaled nor on the 
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manner or duration of the inhalation, but on an instantaneous 
poisoning of the nervous centres. The symptoms in most of the 
cases were paleness of the face, discoloration of the lips, disordered 
respiration, extremely feeble pulse with relaxation of the limbs, pre- 
ceded in some by rigidity or slight convulsions; in two cases, in 
which the heart and liver were enlarged, the face is described as of a 
livid hue. The morbid appearances varied according to the 
quantity used and the duration of its influence in most of the cases, 
though in some the poisonous action was so quick that the appear- 
ances could not be attributed to the influence on the blood; thus, 
congestion of the brain, heart, and lungs was found in some who 
had inhaled but a small quantity for a short period; while in others, 
under the opposite conditions, these organs were natural. A 
remarkable fluidity of the blood was a constant phenomenon. It is 
very evident that the cause of death is not asphyxia, but sudden 
poisoning of the nervous system or an instantaneous paralysis of 
the heart’s action. 

In the same journal (for September 30, 1849) may be found an 
interesting account, by M. Robert, of the Hospital Beaujon, Paris, 
of four cases in which the administration of chloroform was followed 
by extreme agitation, in two of the cases ending fatally, as he be- 
lieved, from pulmonary emphysema produced by this excitement. 

Chloroform, injected into the arteries, causes in the muscles 
supplied by such vessels an increased amount of contractility, which 
may justly be called a partial and uninterrupted tetanus; and this 
it does by a special action on the muscle fibre, and not by any direct 
action on the blood or on the nerves. Experiments going to prove 
this may be found in the Comptes Rendus for April, 1849. 

As to the relative safety of sulphuric ether and chloroform 
we may justly conclude, from the numerous data now existing in 
the annals of medicine and surgery: 

1. That there is an immense preponderance of testimony in 
favor of sulphuric ether, both during and after its application. 

2. While there is but one case, and that not well ascertained, in 
which ether has been accused of producing fatal results, there are not 
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less than twenty, and probably many more, in which the fatal 
result is clearly traceable to chloroform. 

3. Chloroform has caused death in the young and the old, the 
strong and the weak, the healthy and the diseased; and cannot be 
said to be safe in any condition of the system. 

4. Chloroform is much stronger and more prompt in its action 
than ether, and less volatile, which renders it impossible to calculate 
its effects, and difficult to avert danger in season to save life. The 
aneesthetic effects of ether gradually subside when its use is stopped; 
but the less volatility of chloroform often causes an aggravation of 
the symptoms after the inhalation has ceased. 

5. Chloroform may kill directly by its action on the nervous 
system and the blood, or indirectly by asphyxia. 

6. There are certain idiosyncrasies which cannot be known in 
advance in which a very minute quantity of chloroform has pro- 
duced, and will again produce, death. 

7. In females and children, in whom there is generally a greater 
susceptibility of the nervous system, the action of chloroform is 
quicker, more complete, and therefore more dangerous. 

8. Chloroform has produced instant death from syncope, or cessa- 
tion of the action of the heart; it is, therefore, extremely dangerous 
in cases where the heart’s action is enfeebled by lingering disease, 
by fear, by valvular or aneurismal disease, by old age, by sudden 
or large losses of blood, or any other cause of weakness. 

9. There is no reason for diminution of confidence in the efficacy 
and perfect safety of sulphuric ether; while there is an unanswerable 
reason why chloroform should be abandoned, as its use involves the 
risk of a fatal result, which can neither be foreseen nor prevented, from 
the immediate suspension of the powers of life during its adminis- 
tration, or consequent changes in the nervous and vascular systems. 

10. That while sulphuric ether will produce safely all necessary 
results expected of anesthetic agents, no one is justified in sub- 
mitting his patient to the risk of his life by using chloroform, simply 
because it is more agreeable, more powerful, cheaper, or more port- 
able. 

The above conclusions will apply to chloric ether as well as to 
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chloroform, with a due modification for the inferior strength of the 
former, and for the fact that as yet no fatal effects have followed its 
use, as far as I know. Many surgeons speak highly of it as an 
anesthetic agent, and are satisfied of its safety. But as chloric 
ether is a tincture of chloroform, or a mixture in variable propor- 
tions of the latter with alcohol, it must obtain its anesthetic effects 
from chloroform. Alcohol cannot diminish the danger in idiosyn- 
crasy or in conditions where chloroform has proved fatal. Though 
its odor is more agreeable, the quantity required to produce insensi- 
bility is as great as that of sulphuric ether, and the same time is 
required in both; it also irritates the skin, is more apt to produce 
nausea and vomiting and greater disturbance of the nervous system. 
Says Dr. Hayward: “I cannot divest myself of the belief that 


chloric ether is an unsafe anesthetic agent. . . . I fear that 
if it be used with the same freedom that sulphuric ether is, we shall 
soon have to record some very different results. . . . We 


cannot be by any means certain that death, when not looked for, 
may not follow its exhibition.” 


19 Tremont Row, Boston, 
September 3, 1850. 
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PREFACE TO THE AMERICAN EDITION 


The subscribers have been induced to republish this pamphlet 
in consequence of the deep interest felt, at the present time, in 
everything relating to the newly discovered method of relieving 
and preventing pain during surgical and all other painful operations. 

During the short time which has elapsed since the successful 
experiments with Eruer were made known to the medical world, 
scientific and medical men have investigated the subject with great 
attention, and every arrival from Europe brings accounts of new 
series of successful experiments, proving the value of the discovery. 

As Dr. Simpson speaks so confidently of the superiority of 
chloroform to ether, as being more uniform in its effects, and also 
more safe and agreeable, and the few extracts from his pamphlet 
which have appeared in our medical journals and newspapers being 
so incomplete, we have thought the republication of it would meet 
with the approval of the public generally. 

RusuTon, CuaRKE & Co. 


(late Rushton & Co.) 
New York, January 1, 1848. 
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ON CHLOROFORM 


From the time at which I first saw ether-inhalation successfully 
practised, in January last, I have had the conviction impressed 
upon my mind that we would ultimately find that other therapeutic 
agents were capable of being introduced with equal rapidity and 
success into the system, through the same extensive and powerful 
channel of pulmonary absorption. In some observations, which 
I wrote and published in February last, relative to the inhalation of 
sulphuric ether in midwifery, I stated that, in several obstetric 
cases, I had used ergot of rye in this way along with ether. (See 
Monthly Journal of Medical Science, pp. 724 and 795, Case of 
Successful Inhalation of Opium to Arrest the Vomiting of Preg- 
nancy.) 

With various professional friends, more conversant with chemis- 
try than I am, I have, since that time, taken opportunities of talking 
over the idea which I entertained of the probable existence or 
discovery of new therapeutic agents capable of being introduced 
into the system by respiration, and the possibility of producing for 
inhalation vaporizable or volatile preparations of some of our more 
active and old-established medicines; and I have had, during the 
summer and autumn, ethereal tinctures, etc., of several potent drugs, 
manufactured for me for experiment by Messrs. Duncan, Flock- 
hart and Co., the excellent chemists and druggists of this city. 

Latterly, in order to avoid, if possible, some of the inconveniences 
and objections pertaining to sulphuric ether (particularly its dis- 
agreeable and very persistent smell, its occasional tendency to 
irritation of the bronchi during its first inspirations, and the large 
quantity of it occasionally required to be used, more especially in 
protracted cases of labor), I have tried upon myself and others 


the inhalation of different other volatile fluids, with the hope that 
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some one of them might be found to possess the advantages of ether, 
without its disadvantages. For this purpose I selected for experi- 
ment and have inhaled several chemical liquids of a more fragrant 
or agreeable odor, such as the chloride of hydro-carbon (or Dutch 
liquid), acetone, nitrate or oxide of ethyle (nitric ether) , benzoin, the 
vapor of iodoform, etc.* 

I have found, however, one infinitely more efficacious than 
any of the others, viz., chloroform, or the perchloride of formyle, and 
I am enabled to speak most confidently of its superior anzsthetic 
properties, having now tried it upon upwards of thirty individuals. 
The liquid I have used has been manufactured for me by Mr. 
Hunter, in the laboratory of Messrs. Duncan, Flockhart and Co. 

Chloroform was first discovered and described at nearly the 
same time by Soubeiran (1831) and Liebig (1832); its composition 
was first accurately ascertained by the distinguished French chemist, 
Dumas, in 1835. (See the Annales de Chimie et de Physique, vols. 
xlviii, xlix, and lviii.) It has been used by some practitioners in- 
ternally. Guillot prescribed it as an anti-spasmodic in asthma, ex- 
hibiting it in small doses, and diluted 100 times. (See Bouchardat’s 
Annuaire Therapeutique for 1844, p. 35.) But no person, so far as 
I am aware, has used it by inhalation, or discovered its remarkable 
anzesthetic properties till the date of my own experiments. 

It is a dense, limpid, colorless liquid, readily evaporating and 
possessing an agreeable, fragrant, fruit-like odor, and a saccharine, 
pleasant taste. 

As an inhaled anesthetic agent it possesses over sulphuric ether 
the following advantages: 

1. A greatly less quantity of chloroform than of ether is requisite 
to produce the anesthetic effect: usually from a hundred to a hun- 


* In talking over with different chemists what fluids might be sufficiently vola- 
tile to be respirable, and hence deserving of being experimented upon, Mr. Waldie 
first named to me the Perchloride of Formyle as worthy, among others, of a trial; 
Dr. Gregory suggested a trial of the chloride of hydrocarbon, etc. I have been 
deeply indebted to Dr. Gregory and Dr. Anderson, for their kindness in furnishing 
me with the requisite chemical agents for these experiments: and also to my assis- 
tants, Dr. Keith and Dr. Duncan, for the great and hearty zeal with which they 
have constantly aided me in conducting the inquiry. 
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dred and twenty drops of chloroform only being sufficient; and 
with some patients much less. I have seen a strong person rendered 
completely insensible by six or seven inspirations of thirty drops of 
the liquid. 

2. Its action is much more rapid and complete, and generally 
more persistent. I have almost always seen from ten to twenty full 
inspirations suffice. Hence the time of the surgeon is saved; and 
that preliminary stage of excitement, which pertains to all narcotiz- 
ing agents, being curtailed, or indeed practically abolished, the 
patient has not the same degree of tendency to exhilaration and 
talking. * 

3. Most of those who know from previous experience the sensa- 
tions produced by ether inhalation, and who have subsequently 


* In practice I have found that any such tendency, even with ether, is avoided 
by, first, giving the patient from the first a large and overwhelming dose of the 
vapor, and, secondly, by keeping him perfectly quiet and still and preventing all 
noise and talking around him. I have elsewhere insisted on the importance of 
these points. (See the numbers of the Monthly Journal of Medical Science for 
March, 1847, p. 726, and for September, p. 154.) In the paper last referred to I 
took occasion, when discussing the conditions requisite for insuring successful etheri- 
zation, to observe: “‘ First, The patient ought to be left, as far as possible, in a state of 
absolute quietude and freedom from mental excitement, both during the induction 
of etherization and during his recovery from it. All talking and all questioning 
should be strictly prohtbited. In this way any tendency to excitement is eschewed, 
and the proper effect of the ether inhalation more speedily and certainly induced. 
And, secondly, with the same view, the primary stage of exhilaration should be 
entirely avoided, or at least reduced to the shortest possible limit, by impregnating 
the respired air as fully with the ether vapor as the patient can bear, and by allow- 
ing it to pass into the lungs both by the mouth and the nostrils, so as rapidly and 
at once to superinduce its complete and anesthetic effect; . . . avery common 
but certainly a very unpardonable error being to exhibit an imperfect and exciting, 
instead of a perfect and nacotizing, dose of the vapor. Many of the alleged failures 
and misadventures are doubtless entirely attributable to the neglect of this simple 
rule—not the principle of etherization, but the mode of putting it in practice being 
altogether to blame. But, thirdly, whatever means or mode of etherization is 
adopted, the most important of the conditions required for procuring a satisfactory 
and successful result from its employment in surgery consists in obstinately deter- 
mining to avoid the commencement of the operation itself, and never venturing to 
apply the knife until the patient is under the full influence of the ether vapor, and 
thoroughly and indubitably soporized by it.” In fulfilling all these indications the 
employment of chloroform evidently offers great and decided advantages, in facility 
and efficiency, over the employment of ether. 
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breathed the chloroform, have strongly declared the inhalation and 
influence of chloroform to be far more agreeable and pleasant than 
those of ether. 

4. I believe that, considering the small quantity requisite, as 
compared with ether, the use of chloroform will be less expensive 
than that of ether; more especially as there is every prospect that the 
means of forming it may be simplified and cheapened. 

5. Its perfume is not unpleasant, but the reverse; and the odor 
of it does not remain for any length of time obstinately attached to 
the clothes of the attendant, or exhaling in a disagreeable form from 
the lungs of the patient, as so generally happens with sulphuric 
ether. 

6. Being required in much less quantity, it is much more portable 
and transmissible than sulphuric ether. 

7. No special kind of inhaler or instrument is necessary for its 
exhibition. A little of the liquid diffused upon the interior of a 
hollow-shaped sponge, or a pocket handkerchief, or a piece of linen 
or paper, and held over the mouth and nostrils, so as to be fully in- 
haled, generally suffices in about a minute or two to produce the 
desired effect. * 

I have not yet had an opportunity of using chloroform in any 
capital surgical operation, but have exhibited it with perfect success 
in tooth-drawing,t opening abscesses, for annulling the pain of 


* When used for surgical purposes, perhaps it will be found to be most easily 
given upon a handkerchief, gathered up into a cup-like form in the hand of the 
exhibitor, and with the open end of the cup placed over the nose and mouth of the 
patient. For the first inspiration or two it should be held at a distance of a half 
an inch orso from the face, and then more and more closely applied to it. To insure 
a rapid and perfect anesthetic effect—more especially where the operation is to be 
severe—one or two teaspoonfuls of the chloroform should be at once placed upon 
the hollow of the handkerchief, and immediately held to the face of the patient. 
Generally, a snoring sleep speedily supervenes; and when it does so, it is a perfect 
test of the superinduction of complete insensibility. But a patient may be quite 
anesthetic without this symptom supervening. 

+ A young dentist who has himself had two teeth extracted lately, one under the 
influence of ether and the other under the influence of chloroform, writes me the 
following statement of the results: “About six months ago I had an upper molar 
tooth extracted whilst under the influence of ether by Mr. Imlach. The inhala- 
tion was continued for several minutes before I presented the usual appearances of 
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dysmenorrhcea and of neuralgia, and in two or three cases where I 
was using deep, and otherwise very painful, galvano-puncture for 
the treatment of ovarian dropsy, etc. I have employed it also in 
obstetric practice with entire success. The lady to whom it was 
first exhibited during parturition, had been previously delivered 
in the country by perforation of the head of the infant, after a labor 
of three days’ duration. In this, her second confinement, pains 
supervened a fortnight before full time. Three hours and a half 
after they commenced, and, ere the first stage of the labor was com- 
pleted, I placed her under the influence of the chloroform, by 
moistening, with a teaspoonful of the liquid, a pocket handkerchief, 
rolled up into a funnel shape, and with the broad or open end of the 
funnel placed over her mouth and nostrils. In consequence of 
the evaporation of the fluid it was once more renewed in about ten 
or twelve minutes. The child was expelled in about twenty-five 
minutes after the inhalation was begun. The mother subsequently 
remained longer soporose than commonly happens after ether. 
The squalling of the child did not, as usual, rouse her; and some 
minutes elapsed before the placenta was expelled, and after the 
child was removed into another room by the nurse, before the pa- 
tient awoke. She then turned round and observed to me that she 
had “enjoyed a very comfortable sleep, and indeed required it, as 
she was so tired,* but would now be more able for the work before 
her.” I evaded entering into discussion with her, believing, as I 
have already stated, that the most complete possible quietude forms 


complete etherization; the tooth was then extracted; and, although I did not feel 
the least pain, yet I was conscious of the operation being performed and was quite 
aware when the crash took place. Some days ago I required another molar ex- 
tracted on account of toothache, and this operation was again performed by the 
same gentleman. I inhaled the vapor of chloroform, half a drachm being poured 
upon a handkerchief for that purpose, and held to my nose and mouth. Insensibil- 
ity took place in a few seconds; but I was so completely dead this time that I was 
not in the very slightest degree aware of anything that took place. The subsequent 
stupefying effects of the chloroform went off more rapidly than those of the ether; 
and I was perfectly well and able again for my work in a few minutes.” 

* In consequence of extreme anxiety at the unfortunate result of her previous 
confinement she had slept little or none for one or two nights preceding the com- 
mencement of her present accouchement. 
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one of the principal secrets for the successful employment of either 
ether or chloroform. In a little time she again remarked that she 
was afraid her “sleep had stopped the pains.”” Shortly afterwards 
her infant was brought in by the nurse from the adjoining room, and 
it was a matter of no small difficulty to convince the astonished 
mother that the labor was entirely over, and that the child presented 
to her was really her “own living baby.” 

Perhaps I may be excused from adding that since publishing 
on the subject of Ether Inhalation in Midwifery, seven or eight 
months ago,* and then for the first time directing the attention of 
the medical profession to its great use and importance in natural and 
morbid parturition, I have employed it, with few and rare excep- 
tions, in every case of labor that I have attended; and with the most 
delightful results. And I have no doubt whatever that some years 
hence the practice will be general. Obstetricians may oppose it, 
but I believe our patients themselves will force the use of it upon the 
profession.t I have never had the pleasure of watching over a 
series of better and more rapid recoveries; nor once witnessed any 
disagreeable result follow to either mother or child; whilst I have 
now seen an immense amount of maternal pain and agony saved by 
itsemployment. And I most conscientiously believe that the proud 
mission of the physician is distinctly twofold—namely, to alleviate 
human suffering, as well as preserve human life. 


CHEMICAL CONSTITUTION OF CHLOROFORM 


Formyle is the hypothetical radical of formic acid. In the red 
ant (Formica ruja) formic acid was first discovered, and hence its 
name. Gehlen pointed it out as a peculiar acid; and it was after- 
wards first artificially prepared by Doebereiner. Chemists have 
now devised a variety of processes by which formic acid may be 


* See Monthly Journal of Medical Science for February, p. 639; for March, pp. 
718 and 721; and April, p. 794, etc. 


{Iam told that the London physicians, with two or three exceptions only, have 
never yet employed ether-inhalation in their midwifery practice. Three weeks ago 
I was informed, in a letter from Professor Montgomery, of Dublin, that he believed 
that in that city, up to that date, it had not been used in a single case of labor. 
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obtained from starch, sugar, and, indeed, most other vegetable sub- 
stances. 

A series of chlorides of formyle are produced when chlorine 
and the hypochlorites are brought to act on the chloride, oxide, and 
hydrated oxide of methyle (pyroxylic or wood spirit). In the same 
way as formicacid may be artificially procured from substances which 
do not contain formyle ready formed, so also are the chlorides of 
this radical capable of being procured from substances which do not 
originally contain it. 

Chloroform, chloroformyle, or the perchloride of formyle may 
be made and obtained artificially by various processes,—as by mak- 
ing milk of lime, or an aqueous solution of caustic alkali act upon 
chloral,—by distilling alcohol, pyroxylic spirit, or acetone, with 
chloride of lime,—by leading a stream of chlorine gas into a solu- 
tion of caustic potass in spirit of wine, etc. The preparation 
which I have employed was made according to the following formula 


of Dumas: 
MRS Ghloridevoilime in’ powderise- tes cc mieee staeee 2 Ib. iv 
Witenes.) Sent t we ates S.A let et ere ee ie lb. xii 
Rechte SDITt ie ceo eee Sb noi, eee Sta e ioe I {3 xii 


“Mix in a capacious retort or still, and distill as long as a dense 
liquid, which sinks in the water with which it comes over, is pro- 
duced.” —(Gray’s Supplement to the Pharmacopeia, 1846, p. 633.) 

The resulting perchloride of formyle consists of two atoms of 
carbon, one of hydrogen, and three of chlorine. Its specific gravity 
is much greater than that of water, being as high as 1.480. It boils 
at 141.° The density of its vapor is 4.2. It is not inflammable, 
nor changed by distillation with potassium, potash, sulphuric, or 
other acids.— (See Turner’s Elements of Chemistry, eighth edition, 
p- 1009; Gregory’s Outlines of Chemistry, part ii, p. 401; Fownes’ 
Manual of Elementary Chemistry, p. 419; Thompson’s Chemistry 
of Organic Bodies, p. 312; Loewig’s Organische Chemie, vol. i, p. 
498.) 

It is now well ascertained that three compound chemical bodies 
possess, when inhaled into the lungs, the power of superinducing a 
state of anesthesia, or insensibility to pain, in surgical operations, 
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etc., namely, nitrous oxide, sulphuric ether, and perchloride of 
formyle. The following tabular view shows that these agents are 
entirely different from each other in their chemical constitution, and 
hence that their elementary composition affords no apparent clue 
to the explanation of their anesthetic properties: 


Proportion | Proportion | Proportion | Proportion Proportion 
of Nitrogen.| of Oxygen. | of Carbon. | of Hydrogen.| of Chlorine. 


Nitrous oxide.......- I atom I atom — 
Sulphuric ether...... I atom 4 atoms 5 atoms 
@hloroforueremen ce — 2 atoms I atom 3 atoms 


It is, perhaps, not unworthy of remark that when Soubeiran, 
Liebig, and Dumas engaged, a few years back, in those inquiries 
and experiments by which the formation and composition of chloro- 
form was first discovered, their sole and only object was the in- 
vestigation of a point in philosophical chemistry. They labored 
for the pure love and extension of knowledge. They had no 
idea that the substance to which they called the attention of their 
chemical brethren could or would be turned to any practical pur- 
pose, or that it possessed any physiological or therapeutic effects 
upon animal economy. I mention this to show that the cui bono 
argument against philosophical investigations, on the grounds that 
there may be at first no apparent practical benefit to be derived from 
them, has been amply refuted in this, as it has been in many 
other instances. For I feel assured that the use of chloroform will 
soon entirely supersede the use of ether; and, from the facility and 
rapidity of its exhibition, it will be employed as an anesthetic agent 
in many cases, and under many circumstances, in which ether would 
never have been had recourse to. Here, then, we have a substance 
which, in the first instance, was merely interesting as a matter of 
scientific curiosity and research, becoming rapidly an object of in- 
tense importance, as an agent by which human suffering and agony 
may be annulled and abolished, under some of the most trying 
circumstances in which human nature is ever placed. 
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POSTSCRIPT 


Since the above observations were sent to press I have—through 
the great kindness of Professor Miller and Dr. Duncan—had an 
opportunity of trying the effects of the inhalation of chloroform, to- 
day, in three cases of operation in the Royal Infirmary of Edinburgh. 
A great collection of professional gentlemen and students witnessed 
the results, and among the number was Professor Dumas, of Paris, 
the chemist who first ascertained and established the chemical 
composition of chloroform. He happened to be passing through 
Edinburgh, engaged along with Dr. Milne Edwards, who accom- 
panied him, in an official investigation for the French Government, 
and was, in no small degree, rejoiced to witness the wonderful 
physiological effects of a substance with whose chemical history his 
own name was so intimately connected. 

I append notes, obligingly furnished me by Professor Miller 
and Dr. Duncan, of the three cases of operation. The two first 
cases were operated on by Professor Miller; the third, by Dr. Dun- 
can. In applying the chloroform in the first case I used a pocket 
handkerchief as the inhaling instrument; in the last two I employed 
a hollow sponge. 


‘Case I.—A boy, four or five years old, with necrosis of one of the 
bones of the forearm. Could speak nothing but Gaelic. No means 
consequently, of explaining to him what he was required to do. 
On holding a handkerchief, on which some chloroform had been 
sprinkled, to his face, he became frightened and wrestled to be away. 
He was held gently, however, by Dr. Simpson, and obliged to in- 
hale. After a few inspirations he ceased to cry or move, and fell 
into a sound, snoring sleep. A deep incision was now made down 
to the diseased bone; and, by the use of the forceps, nearly the 
whole of the radius, in the state of sequestrum, was extracted. 
During this operation, and the subsequent examination of the wound 
by the finger, not the slightest evidence of the suffering of pain was 
given. He still slept on soundly, and was carried back to his ward 
in that state. Half an hour afterwards he was found in bed, like a 
child newly awakened from a refreshing sleep, with a clear, merry 
eye and placid expression of countenance, wholly unlike what is 
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found to obtain after ordinary etherization. On being questioned 
by a Gaelic interpreter who was found among the students he stated 
that he had never felt any pain, and that he felt none now. On 
being shown his wounded arm, he looked much surprised, but 
neither cried nor otherwise expressed the slightest alarm. 

‘Case II.—A soldier who had an opening in the cheek—the re- 
sult of exfoliation of the jaw—was next made to inhale. At first 
he showed some signs of moving his hands too freely; but soon also 
fell into a state of sleep and snoring. A free incision was made 
across the lower jaw, and from this the dense adhering integuments 
were freely dissected all round, so as to raise the soft parts of the 
cheek. The edges of the opening were then made raw, and the 
whole line of incision was brought together by several points of 
suture. This patient had previously undergone two minor opera- 
tions of a somewhat similar kind; both of them had proved unsuc- 
cessful, and he bore them very ill—proving unusually unsteady and 
complaining bitterly of severe pain. On the present occasion he did 
not wince or moan in the slightest degree; and on the return of 
consciousness said that he had felt nothing. His first act, when 
apparently about half awake, was suddenly to clutch up the sponge 
with which the chloroform was used and re-adjust it to his mouth, 
obviously implying that he had found the inhalation from it any- 
thing but a disagreeable duty. 

“This case was further interesting, as being one of those opera- 
tions in the region of the mouth, in which it had been deemed 
impossible to use ether, and certainly it would have been impossible 
to have performed the operation with any complicated inhaling 
apparatus applied to the mouth of the patient.” 

“Case III.—A young man, of about twenty-five years of age, 
having necrosis of the first phalanx of the great toe and ulceration 
of the integuments, the consequence of injury. The ulcerated sur- 
face was exceedingly tender to the touch, so much so that he winced 
whenever the finger was brought near to it; and the slightest pres- 
sure made him cry out. After the removal of the dressings, which 
caused some pain and fretting, the inhalation was commenced, and 
the patient almost immediately* became insensible and lay per- 
fectly still, while the diseased mass was being removed by amputa- 
tion of the toe through the middle of the second phalanx. The 
inhalation was now stopped. The edges of the wound were then 
brought together with three stitches and the wound dressed. The 


* Dr. Christison, who was watching the result, informs me that this patient was 
affected in half a minute. 
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patient shortly afterwards awoke, looked round him, and gratefully 
declared his entire and perfect freedom from all pain and uneasi- 
ness during the operation.” 


The whole quantity of chloroform used in these three operations 
did not exceed half an ounce, and, as Professor Miller afterwards 
observed to the students that were present, if ether had been used, 
several ounces of it would have been requisite to produce the same 
amount of anesthetic effect. 

The following case occurred also to-day, to Mr. Miller, in private 
practice. The notes of it, and the subsequent remark, are in his 
own words. 


“Case IV.—A young lady wished to have a tumor (encysted) 
dissected out from beneath the angle of the jaw. The chloroform 
was used in small quantity (about a drachm) sprinkled upon a 
piece of operation sponge. In considerably less than a minute she 
was sound asleep, sitting easily in a chair, with her eyes shut, 
and with her ordinary expression of countenance. ‘The tumor was 
extirpated and a stitch inserted without any pain having been either 
shown or felt. Her sensations, throughout, as she subsequently 
stated, had been of the most pleasing nature; and her manageable- 
ness during the operation was as perfect as if she had been a wax 
doll or a lay figure. 

“Nosickness, vomiting, head-ache, salivation, uneasiness of chest, 
in any of the cases. Once or twice a tickling cough took place in 
the first breathings.” 


I have, up to this date, exhibited the chloroform to about fifty 
individuals. In not a single instance has the slightest bad result 
of any kind whatever occurred from its employment. 


EDINBURGH, November 15, 1847 
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From a Photograph obtained from Dr. Edwin A. Locke and Dr. John 
W. Farlow, Librarian of the Boston Medical Library. 


OLIVER WENDELL HOLMES 
1809-1894 


Dr. Holmes was born in the “old gambrel-roofed house” in 
Cambridge, Massachusetts, August 29, 1809. His father, the Rev. 
Abiel Holmes, belonged to the old-fashioned Calvinistic school, 
in which the imaginary horrors of nature were emphasized till 
every corner and shadow contained some sprite or hobgoblin, 
but in which also the integrity of the individual and personal 
responsibility were taught as the foundations of character. His 
mother, Sarah Wendell, was “a bright, vivacious woman, * * * 
very cheerful and social.’”” Such a combination might well pro- 
duce a forceful yet kind and genial nature, capable of writing the 
essay on puerperal fever and the verse and prose which have touched 
the hearts of so many. 

After a general school education he went to Andover Academy, 
and from there to Harvard College, in 1825, to become a member 
of the Class of ’29. On graduating he studied law for a short 
time, but soon abandoned it for medicine. His own account of 
this change is of interest here. “What determined me to give up 
law and apply myself to medicine I can hardly say, but I had 
from the first looked upon that year’s study as an experiment. 
* * * At the end of the first year in the Dane Law School 
I took up the new study which was to be my final choice.’’* 
During this year of law study he had “tasted the intoxicating 
pleasure of authorship,” and, as he puts it, “there is no form of 
lead-poisoning which more rapidly and thoroughly pervades the 
blood and bones and marrow than that which reaches the young 
author through mental contact with type-metal.” It was during 
this year that “Old Ironsides’”’ was written, and being upon a 
subject of national interest, it brought its author, then only twenty- 
one years of age, into prominence throughout the United States. 


* Farewell Address to the (Harvard) Medical School, delivered in 1882. 
393 
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His medical studies were begun in a private school conducted 
by Dr. James Jackson. After attending two courses of lectures 
in this school his parents found money to send him to Europe 
to complete his medical studies. The French capital at that time 
was the continental seat of learning, and in medicine thé school 
of Louis was especially conspicuous in international reputation. 
Thus in 1833, being twenty-four years of age, Holmes came under 
those influences which did much to. mould his literary and medical 
character. In Morse’s ‘“‘Life and Letters” is to be found a full 
and most interesting account of these years,* a summary of which 
is well expressed in Holmes’ own words. Hesays: “ * * * I 
have more fully learned at least three principles since I have 
been in Paris: not to take authority when I can have facts; not 
to guess when I can know; not to think a man must take physic 
because he is sick”; and again: “‘My aim has been to qualify 
myself * * * not for a mere scholar, for a follower after 
other men’s opinions, for a dependent on their authority,—but 
for the character of a man who has seen and therefore knows; 
who has thought and therefore has arrived at his own conclusions.” 
(Letter written while a medical student in Paris.) These two 
quotations, each in its own way, express the motives which actuated 
him in his professional work. It is this spirit, matured and 
vigorous, which makes itself evident throughout the puerperal 
fever essay, both in the thoroughness of his investigation and the 
powerful exposition of his findings. 

On returning from Paris in 1836 he made an unsuccessful 
attempt to practise in Boston. He seems never to have been 
fitted by taste or temperament for the life of the practitioner. 
From 1836 to the year (1847) of his appointment as Parkman 
Professor of Anatomy and Physiology in the Harvard Medical 
School he contributed to medical literature many essays, which, 
together with others published later, have appeared in book form.t 
The most important of these is the one, here reprinted, on puerperal 

* “Life and Letters of O. W. Holmes,” by John T. Morse, Jr.; Houghton, 
Mifflin & Co. 

+ “Medical Essays,” Houghton, Mifflin & Co. 
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fever. This essay appeared in April, 1843, in The New England 
Quarterly Journal of Medicine and Surgery, a short-lived journal 
of no great reputation. The idea of investigating the subject 
occurred to him at a meeting of the Boston Society for Medical 
Improvement, at which he heard a report and discussion of a 
fatal case of child-bed fever. The physician holding the autopsy 
upon this case himself had died within a week of the examination. 
During that week he had attended several women in confinement, 
all of which were attacked with puerperal fever. Though first 
published in an obscure journal with small circulation, the essay 
contained “ * * * real thought” on a “‘real subject” which 
“knocks the wind out of somebody or other.” In 1852 and 1854 
his conclusions were attacked, and on republishing the essay in 
1855 he added in reply to these attacks, an introduction which 
leads one to think that his year in the study of law was not misspent. 
“T am too much in earnest,” he says, “for either humility or 
vanity, but I do entreat those who hold the keys of life and death 
to listen to me also for this once. I ask no personal favor, but I 
beg to be heard in behalf of the women whose lives are at stake, 
until some stronger voice shall plead for them.”’ In reading the 
account of this controversy one is struck with the similarity be- 
tween the difficulties which Harvey, Jenner, and Morton had to 
meet and those which confronted Holmes. Bitter sarcasm 
emanated from men in the profession whose high position required 
an answer. Holmes was thirty-four years of age when his report 
first appeared. He held no university position.* When his 
essay was republished with an introduction he was twelve years 
older, and had been for eight years Professor of Anatomy in the 
Harvard Medical School, and its Dean from 1847 to 1853. It 
was during these intervening years that the original essay was 
attacked in lectures which in 1852 and 1854 were published. 
Of these attacks he says: “‘When, by the permission of Provi- 
dence, I held up to the professional public the damnable facts 
connected with the conveyance of poison from one young mother’s 


* Note: From 1838 to 1840 he had filled the chair of Anatomy and Physiology 
at Dartmouth College. 
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chamber to another’s—for doing which humble office I desire to 
be thankful that I have lived, though nothing else should ever 
come to my life—I had to bear the sneers of those whose position 
I had assailed, and, as I believe have at last demolished, so that 
nothing but the ghosts of dead women stir among the ruins.” 
The evidence contained in this essay has been conclusive of the 
contagiousness of puerperal fever, a fact remarkable when it is 
remembered that the science of bacteriology was at that time 
unborn. To prove his point it was necessary to gather facts 
from professional men who, from the nature of the inquiry, would 
prefer to have such facts kept in obscurity. He seems, however, 
to have imbued the investigation with the great humanitarian 
significance which in truth it possessed. Physicians to whom he 
appealed caught the spirit of his search and lost the fear of personal 
exposure and willingly contributed private records which even in 
that day threatened ruin to their reputation. Out of all this 
material he formed a record which established beyond question 
the contagiousness of puerperal fever. As Morse says, “If it 
were a seed of truth it would grow, while the assault watered it.” 
Although Dr. Holmes retained for many years the chair of anat- 
omy, his essay on puerperal fever is the only piece of scientific 
work of any great importance of which there is record. His 
medical essays and addresses are numerous, however, as will be 
seen by the bibliographic list printed below. The essay as it 
appeared originally in 1843 is reprinted here. The Introduction 
to the edition of 1855 is not given except in the extracts already 
quoted and that given below. It is, however, an example of clear, 
logical, earnest argument, and may well be taken as a type of 
rejoinder in scientific questions. If Holmes experienced “‘crystal- 
line clairvoyance’? when he wrote the ““Chambered Nautilus,” 
in writing the essay on “Puerperal Fever” he must have been 
inspired as are those only who have seen some great truth of nature 
unfolding before them. Both in the introduction and essay there 
rings out a clear, forceful, judicial note which one can scarcely 
believe emanates from the tender-hearted little doctor. In the 
following extract from the Introduction of the 1855 edition it will 


OLIVER WENDELL HOLMES 397 


be seen that the English is shorn of all unnecessary adornment. 
“T trust that I have made the issue perfectly distinct and intel- 
ligible. And let it be remembered that this is no subject to be 
smoothed over by nicely adjusted phrases of half assent and half 
censure divided between the parties. The balance must be struck 
boldly and the result declared plainly. If I have been hasty, 
presumptuous, ill-informed, illogical; if my array of facts means 
nothing; if there is no reason for any caution in the view of these 
facts; let me be told so on such authority that I must believe it, 
and I will be silent henceforth, recognizing that my mind is 
in a state of disorganization * * * * persons are nothing 
in this matter; better that twenty pamphleteers should be silenced, 
or as many professors unseated, than that one mother’s life should 
be taken. There is no quarrel here between men, but there is 
deadly incompatibility and exterminating warfare between doc- 
trines. * * * * If I am wrong, let me be put down by such 
rebuke as no rash declaimer has received since there has been a 
public opinion in the medical profession of America; if I am right, 
let doctrines which lead to professional homicide be no longer 
taught from the chairs of those two great Institutions. Indiffer- 
ence will not do here; our journalists and committees have no 
right to take up their pages with minute anatomy and tediously 
detailed cases while it is a question whether or not the ‘black 
death’ of child-bed is to be scattered broadcast by the agency of 
the mother’s friend and advisor. Let the men who mould opinions 
look to it; if there is any voluntary blindness, any interested 
oversight, any culpable negligence, even, in such a matter, and the 
facts shall reach the public ear, the pestilence-carrier of the 
lying-in chamber must look to God for pardon, for man will never 
forgive him.” 

Such is the ending to the Introduction of 1855. Bacteriology 
was soon to come and prove upon far surer grounds the correctness 
of his conclusions, but before this, antisepsis came to mitigate 
the ravages and show that it was ‘‘cause and effect, the cause 
being in some way connected with the person” of those in atten- 
dance. It is not in place in this sketch to treat of Dr. Holmes’ 
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writings in the field of belles-lettres beyond mentioning the influence 
these, as well as his technical essays and addresses, exerted and 
continue to exert in raising the standard of style in medical litera- 
ture. Dr. Holmes died at Boston, October 7, 1894, being in his 
eighty-fifth year. 


1843 and 1855 


THE CONTAGIOUSNESS OF PUERPERAL FEVER 


Note.—This essay appeared first in 1843, in ‘“‘a short-lived periodical of little 
note” (Morse), The New England Quarterly Journal of Medicine, and was re- 
printed in the “‘ Medical Essays” published in 1855 by (Ticknor and Fields) Hough- 
ton, Mifflin & Co., by whose courtesy it is here reproduced. 
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In collecting, enforcing, and adding to the evidence accumulated 
upon this most serious subject, I would not be understood to imply 
that there exists a doubt in the mind of any well-informed member 
of the medical profession as to the fact that puerperal fever is some- 
times communicated from one person to another, both directly 
and indirectly. In the present state of our knowledge upon 
this point I should consider such doubts merely as a proof that the 
sceptic had either not examined the evidence, or, having examined 
it, refused to accept its plain and unavoidable consequences. 
I should be sorry to think, with Dr. Rigby, that it was a case of 
“oblique vision”’; I should be unwilling to force home the argumen- 
tum ad hominem of Dr. Blundell, but I would not consent to make a 
question of a momentous fact which is no longer to be considered 
as a subject for trivial discussions, but to be acted upon with silent 
promptitude. It signifies nothing that wise and experienced 
practitioners have sometimes doubted the reality of the danger in 
question; no man has the right to doubt it any longer. No 
negative facts, no opposing opinions, be they what they may, or 
whose they may, can form any answer to the series of cases now 
within the reach of all who choose to explore the records of medical 
science. 

If there are some who conceive that any important end would 
be answered by recording such opinions, or by collecting the 
history of all the cases they could find in which no evidence of the 
influence of contagion existed, I believe they are in error. Suppose 
a few writers of authority can be found to profess a disbelief in con- 
tagion,—and they are very few compared with those who think 
differently,—is it quite clear that they formed their opinions on a 
view of all the facts, or is it not apparent that they relied mostly 
on their own solitary experience? Still further, of those whose 


names are quoted, is it not true that scarcely a single one could, 
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by any possibility, have known the half or the tenth of the facts 
bearing on the subject which have reached such a frightful amount 
within the last few years? Again, as to the utility of negative facts, 
as we may briefly call them,—instances, namely, in which exposure 
has not been followed by disease,—although, like other truths, they 
may be worth knowing, I do not see that they are like to shed any 
important light upon the subject before us. Every such instance 
requires a good deal of circumstantial explanation before it can 
be accepted. It is not enough that a practitioner should have had 
a single case of puerperal fever not followed by others. It must be 
known whether he attended others while this case was in progress, 
whether he went directly from one chamber to others, whether he 
took any, and what, precautions. It is important to know that 
several women were exposed to infection derived from the patient, 
so that allowance may be made for want of predisposition. Now, 
if of negative facts so sifted there could be accumulated a hundred 
for every one plain instance of communication here recorded, I trust 
it need not be said that we are bound to guard and watch over the 
hundredth tenant of our fold, though the ninety and nine may be 
sure of escaping the wolf at its entrance. If any one is disposed, 
then, to take a hundred instances of lives endangered or sacrificed 
out of those I have mentioned, and make it reasonably clear that 
within a similar time and compass ten thousand escaped the same 
exposure, I shall thank him for his industry, but I must be permitted 
to hold to my own practical conclusions, and beg him to adopt or at 
least to examine them also. Children that walk in calico before 
open fires are not always burned to death; the instances to the con- 
trary may be worth recording; but by no means if they are to be 
used as arguments against woollen frocks and high fenders. 

I am not sure that this paper will escape another remark which 
it might be wished were founded injustice. It may be said that the 
facts are too generally known and acknowledged to require any 
formal argument or exposition, that there is nothing new in the 
positions advanced, and no need of laying additional statements 
before the profession. But on turning to two works, one almost 
universally, and the other extensively, appealed to as authority in 
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this country, I see ample reason to overlook this objection. In the 
last edition of Dewees’s Treatise on the “Diseases of Females” 
it is expressly said, “In this country, under no circumstance that 
puerperal fever has appeared hitherto, does it afford the slightest 
ground for the belief that it is contagious.”” In the “Philadelphia 
Practice of Midwifery” not one word can be found in the chapter 
devoted to this disease which would lead the reader to suspect that 
the idea of contagion had ever been entertained. It seems proper, 
therefore, to remind those who are in the habit of referring to these 
works for guidance that there may possibly be some sources of 
danger they have slighted or omitted, quite as important as a 
trifling irregularity of diet, or a confined state of the bowels, and that 
whatever confidence a physician may have in his own mode of treat- 
ment, his services are of questionable value whenever he carries 
the bane as well as the antidote about his person. 

The practical point to be illustrated is the following: The 
disease known as puerperal fever is so far contagious as to be fre- 
quently carried from patient to patient by physicians and nurses. 

Let me begin by throwing out certain incidental questions, which, 
without being absolutely essential, would render the subject more 
complicated, and by making such concessions and assumptions as 
may be fairly supposed to be without the pale of discussion. 

1. It is granted that all the forms of what is called puerperal 
fever may not be, and probably are not, equally contagious or in- 
fectious. I do not enter into the distinctions which have been 
drawn by authors, because the facts do not appear to me sufficient 
to establish any absolute line of demarcation between such forms 
as may be propagated by contagion and those which are never so 
propagated. This general result I shall only support by the 
authority of Dr. Ramsbotham, who gives, as the result of his ex- 
perience, that the same symptoms belong to what he calls the in- 
fectious and the sporadic forms of the disease, and the opinion of 
Armstrong in his original Essay. If others can show any such 
distinction, I leave it to them to doit. But there are cases enough 
that show the prevalence of the disease among the patients of a 
single practitioner when it was in no degree epidemic, in the proper 
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sense of the term. I may refer to those of Mr. Roberton and of Dr. 
Peirson, hereafter to be cited, as examples. 

2. I shall not enter into any dispute about the particular mode of 
infection, whether it be by the atmosphere the physician carries 
about him into the sick-chamber, or by the direct application of the 
virus to the absorbing surfaces with which his hand comes in 
contact. Many facts and opinions are in favor of each of these 
modes of transmission. But it is obvious that, in the majority of 
cases, it must be impossible to decide by which of these channels 
the disease is conveyed, from the nature of the intercourse between 
the physician and the patient. 

3. It is not pretended that the contagion of puerperal fever must 
always be followed by the disease. It is true of all contagious dis- 
eases that they frequently spare those who appear to be fully sub- 
mitted to their influence. Even the vaccine virus, fresh from the 
subject, fails every day to produce its legitimate effect, though every 
precaution is taken to insure its action. This is still more remark- 
ably the case with scarlet fever and some other diseases. 

4. It is granted that the disease may be produced and variously 
modified by many causes besides contagion, and more especially 
by epidemic and endemic influences. But this is not peculiar to the 
disease in question. ‘There is no doubt that smallpox is propagated 
to a great extent by contagion, yet it goes through the same periods 
of periodical increase and diminution which have been remarked in 
puerperal fever. If the question is asked how we are to recon- 
cile the great variations in the mortality of puerperal fever in dif- 
ferent seasons and places with the supposition of contagion, I will 
answer it by another question from Mr. Farr’s letter tothe Registrar- 
General. He makes the statement that “five die weekly of small- 
pox in the metropolis when the disease is not epidemic,” and adds, 
“The problem for solution is, Why do the five deaths become 10, 15, 
20, 31, 58, 88, weekly, and then progressively fall through the same 
measured steps ?”’ 

5. I take it for granted that, if it can be shown that great numbers 
of lives have been and are sacrificed to ignorance or blindness on 
this point, no other error of which physicians or nurses may be 
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occasionally suspected will be alleged in palliation of this; but that 
whenever and wherever they can be shown to carry disease and 
death instead of health and safety, the common instincts of human- 
ity will silence every attempt to explain away their responsibility. 


The treatise of Dr. Gordon, of Aberdeen, was published in the 
year 1795, being among the earlier special works upon the disease. 
A part of his testimony has been occasionally copied into other 
works, but his expressions are so clear, his experience is given with 
such manly distinctness and disinterested honesty, that it may be 
quoted as a model which might have been often followed with ad- 
vantage. 

“This disease seized such women only as were visited or delivered 
by a practitioner, or taken care of by a nurse, who had previously 
attended patients affected with the disease.”’ 

“IT had evident proofs of its infectious nature, and that the in- 
fection was as readily communicated as that of the smallpox or 
measles, and operated more speedily than any other infection with 
which I am acquainted.” 

“‘T had evident proofs that every person who had been with a 
patient in the puerperal fever became charged with an atmosphere 
of infection, which was communicated to every pregnant woman who 
happened to come within its sphere. This is not an assertion, but 
a fact, admitting of demonstration, as may be seen by a perusal 
of the foregoing table””—referring to a table of seventy-seven cases, 
in many of which the channel of propagation was evident. 

He adds: ‘“‘It is a disagreeable declaration for me to mention, 
that I myself was the means of carrying the infection to a great num- 
ber of women.” He then enumerates a number of instances in 
which the disease was conveyed by midwives and others to the 
neighboring villages, and declares that “these facts fully prove 
that the cause of the puerperal fever, of which I treat, was a specific 
contagion, or infection, altogether unconnected with a noxious con- 
stitution of the atmosphere.” 

But his most terrible evidence is given in these words: “I ar- 
RIVED AT THAT CERTAINTY IN THE MATTER THAT I COULD VENTURE 
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TO FORETELL WHAT WOMEN WOULD BE AFFECTED WITH THE 
DISEASE, UPON HEARING BY WHAT MIDWIFE THEY WERE TO BE 
DELIVERED, OR BY WHAT NURSE THEY WERE TO BE ATTENDED, 
DURING THEIR LYING-IN: AND ALMOST IN EVERY INSTANCE MY 
PREDICTION WAS VERIFIED.” 

Even previously to Gordon, Mr. White, of Manchester, had said: 
“T am acquainted with two gentlemen in another town, where the 
whole business of midwifery is divided betwixt them, and it is very 
remarkable that one of them loses several patients every year of the 
puerperal fever, and the other never so much as meets with the 
disorder”—a difference which he seems to attribute to their various 
modes of treatment.* 

Dr. Armstrong has given a number of instances in his Essay on 
Puerperal Fever of the prevalence of the disease among the patients 
of a single practitioner. At Sunderland, “‘in all, forty-three cases 
occurred from the Ist of January to the Ist of October, when 
the disease ceased; and of this number, forty were witnessed by 
Mr. Gregson and his assistant, Mr. Gregory, the remainder having 
been separately seen by three accoucheurs.”” ‘There is appended 
to the London edition of this Essay a letter from Mr. Gregson, in 
which that gentleman says, in reference to the great number 
of cases occurring in his practice, “The cause of this I cannot pre- 
tend fully to explain, but I should be wanting in common liberality 
if I were to make any hesitation in asserting that the disease which 
appeared in my practice was highly contagious, and communicable 
from one puerperal woman to another.”’ “It is customary among 
the lower and middle ranks of people to make frequent personal 
visits to puerperal women resident in the same neighborhood, and 
I have ample evidence for affirming that the infection of the disease 
was often carried about in that manner; and, however painful to 
my feelings, I must in candor declare that it is very probable the 
contagion was conveyed, in some instances, by myself, though I took 
every possible care to prevent such a thing from happening the 
moment that I ascertained that the distemper was infectious.” 
Dr. Armstrong goes on to mention six other instances within 


* On the Management of Lying-in Women, p. 120. 
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his knowledge, in which the disease had at different times and places 
been limited, in the same singular manner, to the practice of in- 
dividuals, while it existed scarcely, if at all, among the patients of 
others around them. Two of the gentlemen became so con- 
vinced of their conveying the contagion that they withdrew for a 
time from practice. 

I find a brief notice, in an American journal, of another series of 
cases, first mentioned by Mr. Davies, in the “‘ Medical Repository.” 
This gentleman stated his conviction that the disease is contagious. 

“In the autumn of 1822 he met with twelve cases, while his medi- 
cal friends in the neighborhood did not meet with any, ‘or at least 
very few.’ He could attribute this circumstance to no other cause 
than his having been present at the examination, after death, of 
two cases, some time previous, and of his having imparted the dis- 
ease to his patients, notwithstanding every precaution.” * 

Dr. Gooch says: “It is not uncommon for the greater number 
of cases to occur in the practice of one man, whilst the other 
practitioners of the neighborhood, who are not more skilful or more 
busy, meet with few or none. A practitioner opened the body of a 
woman who had died of puerperal fever, and continued to wear the 
same clothes. A lady whom he delivered a few days afterwards 
was attacked with and died of a similar disease; two more of his 
_ lying-in patients, in rapid succession, met with the same fate; 
struck by the thought that he might have carried contagion in his 
clothes, he instantly changed them, and met with no more cases of 
the kind.{ A woman in the country who was employed as washer- 
woman and nurse washed the linen of one who had died of puerperal 
fever; the next lying-in patient she nursed died of the same dis- 
ease; a third nursed by her met with the same fate, till the neigh- 
borhood, getting afraid of her, ceased to employ her.” f 

In the winter of the year 1824, ‘“‘several instances occurred of its 
prevalence among the patients of particular practitioners, whilst 


* Philad. Med. Journal for 1825, p. 408. 

+ A similar anecdote is related by Sir Benjamin Brodie, of the late Dr. John 
Clark, Lancet, May 2, 1840. 

t An Account of Some of the Most Important Diseases Peculiar to Women, p. 4. 
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others who were equally busy met with few or none. One instance 
of this kind was very remarkable. A general practitioner, in large 
midwifery practice, lost so many patients from puerperal fever that 
he determined to deliver no more for some time, but that his partner 
should attend in his place. This plan was pursued for one month, 
during which not a case of the disease occurred in their practice. 
The elder practitioner, being then sufficiently recovered, returned 
to his practice, but the first patient he attended was attacked by 
the disease and died. A physician who met him in consultation 
soon afterwards, about a case of a different kind, and who knew 
nothing of his misfortune, asked him whether puerperal fever was 
at all prevalent in his neighborhood, on which he burst into tears, 
and related the above circumstances. 

‘Among the cases which I saw this season in consultation, four 
occurred in one month in the practice of one medical man, and 
all of them terminated fatally.”’* 

Dr. Ramsbotham asserted, in a lecture at the London Hospital, 
that he had known the disease spread through a particular district, 
or be confined to the practice of a particular person, almost every 
patient being attacked with it, while others had not a single case. 
It seemed capable, he thought, of conveyance, not only by common 
modes, but through the dress of the attendants upon the patient.t 

In a letter to be found in the “London Medieal Gazette” for 
January, 1840, Mr. Roberton, of Manchester, makes the state- 
ment which I here give in a somewhat condensed form. 

A midwife delivered a woman on the 4th of December, 1830, 
who died soon after with the symptoms of puerperal fever. In 
one month from this date the same midwife delivered thirty women, 
residing in different parts of an extensive suburb, of which num- 
ber sixteen: caught the disease and all died. These were the only 
cases which had occurred for a considerable time in Manchester. 
The other midwives connected with the same charitable institution 
as the woman already mentioned are twenty-five in number, and 
deliver, on an average, ninety women a week, or about three hun- 

* Gooch, op. cit., p. 71. 
+ Lond. Med. Gaz., May 2, 1835. 
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dred and eighty a month. None of these women had a case of 
puerperal fever. ‘‘Yet all this time this woman was crossing the 
other midwives in every direction, scores of the patients of the 
charity being delivered by them in the very same quarters where 
her cases of fever were happening.” 

Mr. Roberton remarks that little more than half the women she 
delivered during this month took the fever; that on some days all 
escaped, on others only one or more out of three or four: a circum- 
stance similar to what is seen in other infectious maladies. 

Dr. Blundell says: “Those who have never made the experi- 
ment can have but a faint conception how difficult it is to obtain the 
exact truth respecting any occurrence in which feelings and in- 
terests are concerned. Omitting particulars, then, I content my- 
self with remarking, generally, that from more than one district I 
have received accounts of the prevalence of puerperal fever in the 
practice of some individuals, while its occurrence in that of others, 
in the same neighborhood, was not observed. Some, as I have 
been told, have lost ten, twelve, or a greater number of patients, in 
scarcely broken succession; like their evil genius, the puerperal 
fever has seemed to stalk behind them wherever they went. Some 
have deemed it prudent to retire for a time from practice. In fine, 
that this fever may occur spontaneously, I'admit; that its infectious 
nature may be plausibly disputed, I do not deny; but I add, con- 
siderately, that in my own family I had rather that those I esteemed 
the most should be delivered, unaided, in a stable, by the manger- 
side, than that they should receive the best help, in the fairest apart- 
ment, but exposed to the vapors of this pitiless disease. Gossiping 
friends, wet-nurses, monthly nurses, the practitioner himself, these 
are the channels by which, as I suspect, the infection is principally 
conveyed.”’* 

At a meeting of the Royal Medical and Chirurgical Society Dr. 
King mentioned that some years since a practitioner at Woolwich 
lost sixteen patients from puerperal fever in the same year. He was 
compelled to give up practice for one or two years, his business being 
divided among the neighboring practitioners. No case of puerperal 

* Lect. on Midwifery, p. 395. 
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fever occurred afterwards, neither had any of the neighboring 
surgeons any cases of this disease. 

At the same meeting Mr. Hutchinson mentioned the occurrence 
of three consecutive cases of puerperal fever, followed subsequently 
by two others, all in the practice of one accoucheur.* 

Dr. Lee makes the following statement: “In the last two weeks of 
September, 1827, five fatal cases of uterine inflammation came 
under our observation. All the individuals so attacked had been 
attended in labor by the same midwife, and no example of a febrile 
or inflammatory disease of a serious nature occurred during that 
period among the other patients of the Westminster General Dis- 
pensary, who had been attended by the other midwives belonging 
to that institution.” 

The recurrence of long series of cases like those I have cited, re- 
ported by those most interested to disbelieve in contagion, scattered 
along through an interval of half a century, might have been thought 
sufficient to satisfy the minds of all inquirers that here was some- 
thing more than a singular coincidence. But if, on a more ex- 
tended observation, it should be found that the same ominous 
groups of cases clustering about individual practitioners were ob- 
served in a remote country, at different times, and in widely sepa- 
rated regions, it would seem incredible that any should be found 
too prejudiced or indolent to accept the solemn truth knelled into 
their ears by the funeral bells from both sides of. the ocean—the 
plain conclusion that the physician and the disease entered, hand 
in hand, into the chamber of the unsuspecting patient. 

That such series of cases have been observed in this country, 
and in this neighborhood, I proceed to show. 

In Dr. Francis’s “ Notes to Denman’s Midwifery” a passage is 
cited from Dr. Hosack in which he refers to certain puerperal cases 
which proved fatal to several lying-in women, and in some of 
which the disease was supposed to be conveyed by the accoucheurs 
themselves. 

* Lancet, May 2, 1840. 
+ Lond. Cyc. of Pract. Med., art., “Fever, Puerperal.” 
} Denman’s Midwifery, p. 673, third Am. ed. 
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A writer in the “New York Medical and Physical Journal” 
for October, 1829, in speaking of the occurrence of puerperal fever 
confined to one man’s practice, remarks: ‘‘We have known cases 
of this kind occur, though rarely, in New York.” 

I mention these little hints about the occurrence of such cases 
partly because they are the first I have met with in American 
medical literature, but more especially because they serve to remind 
us that behind the fearful array of published facts there lies a 
dark list of similar events, unwritten in the records of science, but 
long remembered by many a desolated fireside. 

Certainly nothing can be more open and explicit than the ac- 
count given by Dr. Peirson, of Salem, of the cases seen by him. In 
the first nineteen days of January, 1829, he had five consecutive 
cases of puerperal fever, every patient he attended being attacked, 
and the three first cases proving fatal. In March of the same 
year he had two moderate cases, in June, another case, and in July, 
another, which proved fatal. “Up to this period,” he remarks, “I 
am not informed that a single case had occurred in the practice of 
any other physician. Since that period I have had no fatal case in 
my practice, although I have had several dangerous cases. I have 
attended in all twenty cases of this disease, of which four have been 
fatal. I am not aware that there has been any other case in the 
town of distinct puerperal peritonitis, although I am willing to 
admit my information may be very defective on this point. I have 
been told of some ‘mixed cases,’ and ‘morbid affections after 
delivery.’’’* 

In the ‘“‘ Quarterly Summary of the Transactions of the College 
of Physicians of Philadelphia” } may be found some most extra- 
ordinary developments respecting a series of cases occurring in the 
practice of a member of that body. 

Dr. Condie called the attention of the Society to the prevalence, 
at the present time, of puerperal fever of a peculiarly insidious and 
malignant character. ‘In the practice of one gentleman extensively 
engaged as an obstetrician nearly every female he has attenaed in 

* Remarks on Puerperal Fever, pp. 12 and 13. 
+ For May, June, and July, 1842. 
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confinement, during several weeks past, within the above limits” 
(the southern sections and neighboring districts), “had been at- 
tacked by the fever.” 

‘“‘An important query presents itself, the doctor observed, in 
reference to the particular form of fever now prevalent. Is it, 
namely, capable of being propagated by contagion, and is a physi- 
cian who has been in attendance upon a case of the disease war- 
ranted in continuing, without interruption, his practice as an obstet- 
rician? Dr. C., although nota believer in the contagious character 
of many of those affections generally supposed to be propagated 
in this manner, has, nevertheless, become convinced by the facts 
that have fallen under his notice that the puerperal fever now 
prevailing is capable of being communicated by contagion. How, 
otherwise, can be explained the very curious circumstance of the 
disease in one district being exclusively confined to the practice 
of a single physician, a Fellow of this College, extensively engaged 
in obstetrical practice, while no instance of the disease has oc- 
curred in the patients under the care of any other accoucheur 
practising within the same district; scarcely a female that has 
been delivered for weeks past has escaped an attack ?” 

Dr. Rutter, the practitioner referred to, “observed that, after 
the occurrence of a number of cases of the disease in his practice, 
he had left the city and remained absent for a week, but, on return- 
ing, no article of clothing he then wore having been used by him 
before, one of the very first cases of parturition he attended was 
followed by an attack of the fever and terminated fatally; he cannot 
readily, therefore, believe in the transmission of the disease from 
female to female in the person or clothes of the physician.” 

The meeting at which these remarks were made was held on the 
3d of May, 1842. Ina letter dated December 20, 1842, addressed 
to Dr. Meigs, and to be found in the “‘ Medical Examiner,’’* he 
speaks of “those horrible cases of puerperal fever, some of which 
you did me the favor to see with me during the past summer,” 
and talks of his experience in the disease, “now numbering nearly 
seventy cases, all of which have occurred within less than a twelve- 
month past.” 


* For January 21, 1843. 
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And Dr. Meigs asserts, on the same page, “Indeed, I believe that 
his practice in that department of the profession was greater than 
that of any other gentleman, which was probably the cause of his 
seeing a greater number of the cases.” This from a professor 
of midwifery, who some time ago assured a gentleman whom he met 
in consultation that the night on which they met was the eighteenth 

in succession that he himself had been summoned from his repose,* 
seems hardly satisfactory. 

I must call the attention of the inquirer most particularly to the 
Quarterly Report above referred to, and the letters of Dr. Meigs and 
Dr. Rutter, to be found in the ‘‘ Medical Examiner.” Whatever 
impression they may produce upon his mind, I trust they will 
at least convince him that there is some reason for looking into this 
apparently uninviting subject. 

At a meeting of the College of Physicians just mentioned Dr. 
Warrington stated that a few days after assisting at an autopsy of 
puerperal peritonitis, in which he laded out the contents of the ab- 
dominal cavity with his hands, he was called upon to deliver three 
women in rapid succession. All of these women were attacked 
with different forms of what is commonly called puerperal fever. 
Soon after these he saw two other patients, both on the same day, 
with the same disease. Of these five patients, two died. 

At the same meeting Dr. West mentioned a fact related to him by 
Dr. Samuel Jackson, of Northumberland. Seven females, delivered 
by Dr. Jackson in rapid succession, while practising in Northum- 
berland County, were all attacked with puerperal fever, and five of 
them died. ‘‘Women,” he said, ‘who had expected me to attend 
upon them, now becoming alarmed, removed out of my reach, and 
others sent for a physician residing several miles distant. ‘These 
women, as well as those attended by midwives, all did well; nor 
did we hear of any deaths in child-bed within a radius of fifty miles, 
excepting two, and these I afterwards ascertained to have been 
caused by other diseases.” He underwent, as he thought, a thor- 
ough purification, and still his next patient was attacked with the 
disease and died. He was led to suspect that the contagion might 


* Medical Examiner for December 10, 1842. 
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have been carried in the gloves which he had worn in attendance 
upon the previous cases. Two months or more after this he had 
two other cases. He could find nothing to account for these unless 
it were the instruments for giving enemata, which had been used 
in two of the former cases and were employed by these patients. 
When the first case occurred, he was attending and dressing a 
limb extensively mortified from erysipelas, and went immediately 
to the accouchement with his clothes and gloves most thoroughly 
imbued with its efluvia. And here I may mention that this very 
Dr. Samuel Jackson, of Northumberland, is one of Dr. Dewees’s 
authorities against contagion. 

The three following statements are now for the first time given 
to the public. All of the cases referred to occurred within this State, 
and two of the three series in Boston and its immediate vicinity. 

I. The first is a series of cases which took place during the last 
spring in a town at some distance from this neighborhood. A 
physician of that town, Dr. C., had the following consecutive cases: 


No. 1, delivered March 20, died March 24. 


eae " JeXjoyall We,  AeMoya Il Tene 

“ i. “ce “cc IO, “ “ 14. 

“ec an “ ce TD, “ “cc 18. 

ce Ss “ “ce 27, “ce May 2: 

Os = «« _ 28, had some symptoms, recovered. 
Eh Be May 8, had some symptoms, also recovered. 


These were the only cases attended by this physician during the 
period referred to. “They were all attended by him until their 
termination, with the exception of the patient No. 6, who fell into 
the hands of another physician on the 2d of May.” (Dr. C. left 
town for a few days at this time.) Dr. C. attended cases immediately 
before and after the above-named periods, none of which, how- 
ever, presented any peculiar symptoms of the disease. 

About the Ist of July he attended another patient in a neighboring 
village, who died two or three days after delivery. 

The first patient, it is stated, was delivered on the 20th of March. 
“On the 19th Dr. C. made the autopsy of a man who died suddenly, 
sick only forty-eight hours; had cedema of the thigh and gangrene 
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extending from a little above the ankle into the cavity of the ab- 
domen.” Dr. C. wounded himself very slightly in the right hand 
during the autopsy. The hand was quite painful the night follow- 
ing, during his attendance on the patient No. 1. He did not see this 
patient after the 20th, being confined to the house, and very sick 
from the wound just mentioned, from this time until the 3d of 
April. 

Several cases of erysipelas occurred in the house where the autopsy 
mentioned above took place, soon after the examination. There 
were also many cases of erysipelas in town at the time of the fatal 
puerperal cases which have been mentioned. 

The nurse who laid out the body of the patient No. 3 was taken 
on the evening of the same day with sore throat and erysipelas, and 
died in ten days from the first attack. 

The nurse who laid out the body of the patient No. 4 was taken 
on the day following with symptoms like those of this patient, and 
died in a week, without any external marks of erysipelas. 

*“No other cases of similar character with those of Dr. C. oc- 
curred in the practice of any of the physicians in the town or 
vicinity at the time. Deaths following confinement have occurred 
in the practice of other physicians during the past year, but they 
were not cases of puerperal fever. No post-mortem examinations 
were held in any of these puerperal cases.” 

Some additional statements in this letter are deserving of insertion: 

“A physician attended a woman in the immediate neighbor- 
hood of the cases numbered 2, 3, and 4. This patient was confined 
the morning of March Ist, and died on the night of March Thins  Bhe 
is doubtful whether this should be considered a case of puerperal 
fever. She had suffered from canker, indigestion, and diarrhoea 
for a year previous to her delivery. Her complaints were much 
aggravated for two or three months previous to delivery; she had 
become greatly emaciated, and weakened to such an extent that it 
had not been expected that she would long survive her confinement, 
if indeed she reached that period. Her labor was easy enough; 
she flowed a good deal, seemed exceedingly prostrated, had ringing 
in the ears, and other symptoms of exhaustion; the pulse was quick 
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and small. On the second and third day there was some tenderness 
and tumefaction of the abdomen, which increased somewhat on the 
fourth and fifth. He had cases in midwifery before and after this, 
which presented nothing peculiar.” 

It is also mentioned in the same letter that another physician had 
a case during the last summer and another last fall, both of which 
recovered. 

Another gentleman reports a case last December, a second case 
five weeks, and another three weeks, since. All these recovered. A 
case also occurred very recently in the practice of a physician in 
the village where the eighth patient of Dr. C. resides, which proved 
fatal. ‘‘This patient had some patches of erysipelas on the legs 
and arms. The same physician has delivered three cases since, 
which have all done well. There have been no other cases in this 
town or its vicinity recently. There have been some few cases of 
erysipelas.”” It deserves notice that the partner of Dr. C., who 
attended the autopsy of the man above mentioned and took an 
active part in it, who also suffered very slightly from a prick under 
the thumb-nail received during the examination, had twelve cases 
of midwifery between March 26th and April 12th, all of which did 
well, and presented no peculiar symptoms. It should also be stated 
that during these seventeen days he was in attendance on all the 
cases of erysipelas in the house where the autopsy had been per- 
formed. I owe these facts to the prompt kindness of a gentleman 
whose intelligence and character are sufficient guaranty for their 
accuracy. 

The two following letters were addressed to my friend Dr. 
Storer by the gentleman in whose practice the cases of puerperal 
fever occurred. His name renders it unnecessary to refer more 
particularly to these gentlemen, who on their part have manifested 
the most perfect freedom and courtesy in affording these accounts 
of their painful experience. 

“January 28, 1843. 

II. . . . “The time to which you allude was in 1830. The first 
case was in February, during a very cold time. She was confined 
the 4th, and died the 12th. Between the 10th and 28th of this 
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month I attended six women in labor, all of whom did well except 
the last, as also two who were confined March Ist and 5th. Mrs. E., 
confined February 28th, sickened, and died March 8th. The next 
day, 9th, I inspected the body, and the night after attended a lady, 
Mrs. B., who sickened, and died 16th. The 10th, I attended an- 
other, Mrs. G., who sickened, but recovered. March 16th I went 
from Mrs. G.’s room to attend a Mrs. H., who sickened, and died 
2lst. The 17th, Iinspected Mrs. B. On the 19th, I went directly 
from Mrs. H.’s room to attend another lady, Mrs. G., who also 
sickened, and died 22d. While Mrs. B. was sick, on 15th, I went 
directly from her room a few rods, and attended another woman, 
who was not sick. Up to 20th of this month I wore the same 
clothes. I now refused to attend any labor, and did not till April 
21st, when, having thoroughly cleansed myself, I resumed my 
practice, and had no more puerperal fever. 

“The cases were not confined to a narrow space. The two nearest 
were half a mile from each other, and half that distance from my 
residence. The others were from two to three miles apart, and 
nearly that distance from my residence. ‘There were no other 
cases in their immediate vicinity which came to my knowledge. 
The general health of all the women was pretty good, and all the 
labors as good as common, except the first. This woman, in conse- 
quence of my not arriving in season, and the child being half-born 
at some time before I arrived, was very much exposed to the cold 
at the time of confinement, and afterwards, being confined in a very 
open, coldroom. Of the six cases, you perceive only one recovered. 

“In the winter of 1817 two of my patients had puerperal fever, 
one very badly, the other not so badly. Both recovered. One 
other had swelled leg, or phlegmasia dolens, and one or two 
others did not recover as well as usual. 

“In the summer of 1835 another disastrous period occurred in 
mypractice. July 1st I attendeda lady in labor, who was afterwards 
quite ill and feverish; but at the time I did not consider her case a 
decided puerperal fever. On the 8th I attended one who did well. 
On the 12th, one who was seriously sick. ‘This was also an equivo- 
cal case, apparently arising from constipation and irritation of the 

27 
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rectum. ‘These women were ten miles apart and five from my 
residence. On 15th and 20th two who did well. On 25th I at- 
tended another. This was asevere labor, and followed by unequiv- 
ocal puerperal fever, or peritonitis. She recovered. August 2d and 
3d, in about twenty-four hours, I attended four persons. Two of 
them did very well; one was attacked with some of the common 
symptoms, which, however, subsided in a day or two, and the other 
had decided puerperal fever, but recovered. This woman resided 
five milesfrom me. Up to this time I wore the same coat. All my 
other clothes had frequently been changed. On 6th, I attended two 
women, one of whom was not sick at all; but the other, Mrs. L., 
was afterwards taken ill. On 10th, I attended a lady, who did very 
well. I had previously changed all my clothes, and had no garment 
on which had been in a puerperal room. On 12th, I was called to 
Mrs. S., in labor. While she was ill, I left her to visit Mrs. L., one 
of the ladies who was confined on 6th. Mrs. L. had been more un- 
well than usual, but I had not considered her case anything more 
than common till this visit. I had on a surtout at this visit, which, 
on my return to Mrs. S., I left in another room. Mrs. S. was 
delivered on 13th with forceps. ‘These women both died of decided 
puerperal fever. 

“While I attended these women in their fevers I changed my 
clothes, and washed my hands in a solution of chloride of lime after 
each visit. I attended seven women in labor during this period, all 
of whom recovered without sickness. 

“In my practice I have had several single cases of puerperal fever, 
some of whom have died and some have recovered. Until the vear 
1830 I had no suspicion that the disease could be Sombnuniented 
from one patient to another by a nurse or midwife; but I now think 
the foregoing facts strongly favor that idea. I was so much con- 
vinced of this fact that I adopted the plan before related. 

“T believe my own health was as good as usual at each of the 
above periods. I have no recollection to the contrary. 

“T believe I have answered all your questions. I have been more 
particular on some points perhaps than necessary; but I thought 
you could form your own opinion better than to take mine. In 1830 
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I wrote to Dr. Channing a more particular statement of my 
cases. If I have not answered your questions sufficiently, perhaps 
Dr. C. may have my letter to him, and you can find your answer 
there.”’* 


“Boston, February 3, 1843. 

Ill. “My prar Sir: I received a note from you last evening 
requesting me to answer certain questions therein proposed, touch- 
ing the cases of puerperal fever which came under my observation 
the past summer. It gives me pleasure to comply with your re- 
quest, so far as itis in my power so to do, but, owing to the hurry 
in preparing for a journey, the notes of the cases I had then 
taken were lost or mislaid. The principal facts, however, are 
too vivid upon my recollection to be soon forgotten. I think, 
therefore, that I shall be able to give you all the information you 
may require. 

“All the cases that occurred in my practice took place between 
the 7th of May and the 17th of June, 1842. 

“They were not confined to any particular part of the city. The 
first two cases were patients residing at the South End, the next 
was at the extreme North End, one living in Sea Street and the 
other in Roxbury. The following is the order in which they oc- 
curred: 


*“Case 1.—Mrs. was confined on the 7th of May, at 5 o’clock, 
p. M., after a natural labor of six hours. At 12 0’clock at night, on 
the 9th (thirty-one hours after confinement), she was taken with 
severe chill, previous to which she was as comfortable as women 
usually are under the circumstances. She died on the 10th. 

“Case 2?.—Mrs. was confined on the 10th of June (four weeks 
after Mrs. C.), at 11 a. M., after a natural, but somewhat severe, 
labor of five hours. At 7 o’clock, on the morning of the 11th, she 
had a chill. Died on the 12th. 

“Case 3.—Mrs. , confined on the 14th of June, was com- 
fortable until the 18th, when symptoms of puerperal fever were 
manifest. She died on the 20th. 


* In a letter to myself this gentleman also stated, ‘I do not recollect that there 
was any erysipelas or any other disease particularly prevalent at the time.” 
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“Case 4.—Mrs. , confined June 17th, at 5 o’clock, a. M., 
was doing well until the morning of the 19th. She died on the 
evening of the 21st. 


“Case 5.—Mrs. was confined with her fifth child on the 17th 
of June, at 6 o’clock intheevening. This patient had been attacked 
with puerperal fever, at three of her previous confinements, but 
the disease yielded to depletion and other remedies without diffi- 
culty. This time, I regret to say, I was not sofortunate. She was 
not attacked, as were the other patients, with a chill, but complained 
of extreme pain in abdomen, and tenderness on pressure, almost 
from the moment of her confinement. In this, as in the other cases, 
the disease resisted all remedies, and she died in great distress on the 
22d of the same month. Owing to the extreme heat of the season 
and my own indisposition, none of the subjects were examined 
after death. Dr. Channing, who was in attendance with me on the 
three last cases, proposed to have a post-mortem examination of the 
subject of case No. 5, but from some cause which I do not now 
recollect it was not obtained. 


“You wish to know whether I wore the same clothes when at- 
tending the different cases. I cannot positively say, but I should 
think I did not, as the weather became warmer after the first two 
cases; I therefore think it probable that I made a change of at least 
a part of my dress. I have had no other case of puerperal fever in 
my own practice for three years, save those above related, and I do 
not remember to have lost a patient before with this disease. 
While absent, last July, I visited two patients sick with puerperal 
fever, with a friend of mine in the country. Both of them re- 
covered. 

“The cases that I have recorded were not confined to any particu- 
lar constitution or temperament, but it seized upon the strong and 
the weak, the old and the young—one being over forty years, and 
the youngest under eighteen years of age. . . . If the disease is of 
an erysipelatous nature, as many suppose, contagionists may 
perhaps find some ground for their belief in the fact that, for two 
weeks previous to my first case of puerperal fever, I had been attend- 
ing a severe case of erysipelas, and the infection may have been con- 
veyed through me to the patient; but, on the other hand, why 
is not this the case with other physicians, or with the same physician 
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at all times, for since my return from the country I have had a more 
inveterate case of erysipelas than ever before, and no difficulty 
whatever has attended any of my midwifery cases ?” 

I am assured, on unquestionable authority, that “about three 
years since a gentleman in extensive midwifery business, in a 
neighboring State, lost in the course of a few weeks eight patients in 
child-bed, seven of them being undoubted cases of puerperal fever. 
No other physician of the town lost a single patient of this disease 
during the same period.’ And from what I have heard in con- 
versation with some of our most experienced practitioners, I am 
inclined to think many cases of the kind might be brought to light 
by extensive inquiry. 

This long catalogue of melancholy histories assumes a still darker 
aspect when we remember how kindly nature deals with the partur- 
ient female, when she is not immersed in the virulent atmosphere of 
an impure lying-in hospital, or poisoned in her chamber by the 
unsuspected breath of contagion. From all causes together not 
more than four deaths in a thousand births and miscarriages hap- 
pened in England and Wales during the period embraced by the 
first Report of the Registrar-General.* In the second Report the 
mortality was shown to be about five in one thousand.{ In the 
Dublin Lying-in Hospital, during the seven years of Dr. Collins’s 
mastership, there was one case of puerperal fever to 178 deliveries, 
or less than six to the thousand, and one death from this disease in 
278 cases, or between three and four to the thousand.{ Yet during 
this period the disease was endemic in the hospital, and might have 
gone on to rival the horrors of the pestilence of the Maternité, had 
not the poison been destroyed by a thorough purification. 

In private practice, leaving out of view the cases that are to be 
ascribed to the self-acting system of propagation, it would seem that 
the disease must be far from common. Mr. White, of Manchester, 
says: ‘Out of the whole number of lying-in patients whom I have 
delivered (and I may safely call it a great one), I have never lost one, 
nor to the best of my recollection has uve been greatly endangered, 

* First Report, p. 105. t Second Report, p. 73. 

t Collins’s Treatise on Midwifery, p. 228, etc. 
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by the puerperal, miliary, low nervous, putrid malignant, or milk 
fever.”* Dr. Joseph Clarke informed Dr. Collins that in the 
course of forty-five years’ most extensive practice he lost but four 
patients from this disease.t} One of the most eminent practitioners 
of Glasgow who has been engaged in very extensive practice for up- 
wards of a quarter of a century testifies that he never saw more than 
twelve cases of real puerperal fever.f 

I have myself been told by two gentlemen practising in this city, 
and having for many years a large midwifery business, that they had 
neither of them lost a patient from this disease, and by one of them 
that he had only seen it in consultation with other physicians. In 
five hundred cases of midwifery, of which Dr. Storer has given an 
abstract in the first number of this journal, there was only one 
instance of fatal puerperal peritonitis. 

In the view of these facts it does appear a singular coincidence 
that one man or woman should have ten, twenty, thirty, or seventy 
cases of this rare disease following his or her footsteps with the 
keenness of a beagle, through the streets and lanes of a crowded 
city, while the scores that cross the same paths on the same errands 
know it only by name. It is a series of similar coincidences which 
has led us to consider the dagger, the musket, and certain innocent- 
looking white powders as having some little claim to be regarded 
as dangerous. It is the practical inattention to similar coincidences 
which has given rise to the unpleasant but often necessary docu- 
ments called andictments, which has sharpened a form of the cephal- 
otome sometimes employed in the case of adults, and adjusted 
that modification of the fillet which delivers the world of those 
who happen to be too much in the way while such striking coinci- 
dences are taking place. 

T shall now mention a few instances in which the disease appears 
to have been conveyed by the process of direct inoculation. 

Dr. Campbell, of Edinburgh, states that in October, 1821, he 
assisted at the post-mortem examination of a patient who died 
with puerperal fever. He carried the pelvic viscera in his pocket 
to the class-room. ‘The same evening he attended a woman in 


* Op. cit., p. 115. 7 Op. cit., p. 228. } Lancet, May 4, 1833. 
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labor without previously changing his clothes; this patient died. 
The next morning he delivered a woman with the forceps; she 
died also, and of many others who were seized with the disease 
within a few weeks, three shared the same fate in succession. 

In June, 1823, he assisted some of his pupils at the autopsy of a 
case of puerperal fever. He was unable to wash his hands with 
proper care, for want of the necessary accommodations. On 
getting home he found that two patients required his assistance. 
He went without further ablution or changing his clothes; both 
these patients died with puerperal fever.* This same Dr. Camp- 
bell is one of Dr. Churchill’s authorities against contagion. 

Mr. Roberton says that in one instance within his knowledge 
a practitioner passed the catheter for a patient with puerperal 
fever late in the evening; the same night he attended a lady who 
had the symptoms of the disease on the second day. In another 
instance a surgeon was called while in the act of inspecting the 
body of a woman who had died of this fever, to attend a labor; 
within forty-eight hours this patient was seized with the fever.t 

On the 16th of March, 1831, a medical practitioner examined 
the body of a woman who had died a few days after delivery, from 
puerperal peritonitis. On the evening of the 17th he delivered a 
patient, who was seized with puerperal fever on the 19th, and 
-died on the 24th. Between this period and the 6th of April the 
same practitioner attended two other patients, both of whom were 
attacked with the same disease and died.{ 

In the autumn of 1829 a physician was present at the examina- 
tion of a case of puerperal fever, dissected out the organs, and 
assisted in sewing up the body. He had scarcely reached home 
when he was summoned to attend a young lady in labor. In 
sixteen hours she was attacked with the symptoms of puerperal 
fever, and narrowly escaped with her life.§ 

In December, 1830, a midwife, who had attended two fatal 
cases of puerperal fever at the British Lying-in Hospital, examined 
* Lond. Med. Gazette, December Io, 1831. { Ibid. for January, 1832. 

{ London Cyc. of Pract. Med., art., “Fever, Puerperal.” 
§ London Cyc. of Pract. Med., art. “Fever Puerperal.” 
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a patient who had just been admitted, to ascertain if labor had 
commenced. This patient remained two days in the expectation 
that labor would come on, when she returned home and was then 
suddenly taken in labor and delivered before she could set out for 
the hospital. She went on favorably for two days, and was then 
taken with puerperal fever and died in thirty-six hours.* 

“‘A young practitioner, contrary to advice, examined the body 
of a patient who had died from puerperal fever; there was no 
epidemic at the time; the case appeared to be purely sporadic. 
He delivered three other women shortly afterwards; they all 
died with puerperal fever, the symptoms of which broke out very 
soon after labor. The patients of his colleague did well, except one, 
where he assisted to remove some coagula from the uterus; she 
was attacked in the same manner as those whom he had attended, 
and died also.” The writer in the “British and Foreign Medical 
Review,” from whom I quote this statement,—and who is no other 
than Dr. Rigby,—adds: ‘‘We trust that this fact alone will forever 
silence such doubts, and stamp the well-merited epithet of ‘crimi- 
nal,’ as above quoted, upon such attempts.”’+ 

From the cases given by Mr. Ingleby I select the following: 
Two gentlemen, after having been engaged in conducting the 
post-mortem examination of a case of puerperal fever, went in the 
same dress, each respectively, to a case of midwifery. “‘The one 
patient was seized with the rigor about thirty hours afterwards. 
The other patient was seized with a rigor the third morning after 
delivery. One recovered, one died.”’t One of these same gentle- 
men attended another woman in the same clothes two days after 
the autopsy referred to. “The rigor did not take place until the 
evening of the fifth day from the first visit. Result fatal.” These 
cases belonged to a series of seven, the first of which was thought 
to have originated in a case of erysipelas. “Several cases of a 
mild character followed the foregoing seven, and their nature being 
now most unequivocal, my friend declined visiting all midwifery 
cases for a time, and there was no recurrence of the disease.” 

* [bid. + Brit. and For. Medical Review for January, 1842, p. 112. 

t Edin. Med. and Surg. Journal, April, 1838. 
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These cases occurred in 1833. Five of them proved fatal. Mr. 
Ingleby gives another series of seven cases which occurred to a 
practitioner in 1836, the first of which was also attributed to his 
having opened several erysipelatous abscesses a short time pre- 
viously. 

I need not refer to the case lately read before this society, in 
which a physician went, soon after performing an autopsy of a 
case of puerperal fever, to a woman in labor, who was seized with 
the same disease and perished. The forfeit of that error has been 
already paid. 

At a meeting of the Medical and Chirurgical Society before 
referred to, Dr. Merriman related an instance occurring in his own 
practice, which excites a reasonable suspicion that two lives were 
sacrificed to a still less dangerous experiment. He was at the 
examination of a case of puerperal fever at two o’clock in the after- 
noon. He took care not to touch the body. At nine o’clock the 
same evening he attended a woman in labor; she was so nearly 
delivered that he had scarcely anything to do. The next morning 
she had severe rigors, and in forty-eight hours she was a corpse. 
Her infant had erysipelas and died in two days.* 

In connection with the facts which have been stated it seems 
proper to allude to the dangerous and often fatal effects which have 
followed from wounds received in the post-mortem examination 
of patients who have died of puerperal fever. The fact that such 
wounds are attended with peculiar risk has been long noticed. 
I find that Chaussier was in the habit of cautioning his students 
against the danger to which they were exposed in these dissections. 
The head pharmacien of the Hotel Dieu, in his analysis of the 
fluid effused in puerperal peritonitis, says that practitioners are 
convinced of its deleterious qualities, and that it is very dangerous 
to apply it to the denuded skin.{ Sir Benjamin Brodie speaks 
of it as being well known that the inoculation of lymph or pus from 
the peritoneum of a puerperal patient is often attended with danger- 

* Lancet, May 2, 1840. 

+ Stein, L’Art d’ Accoucher, 1794; Dict. des Sciences Médicales, art., “ Puerperal.” 

t Journal de Pharmacie, January, 1836. 
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ous and even fatal symptoms. Three cases in confirmation of 
this statement, two of them fatal, have been reported to this 
society within a few months. 

Of about fifty cases of injuries of this kind, of various degrees 
of severity, which I have collected from different sources, at least 
twelve were instances of infection from puerperal peritonitis. 
Some of the others are so stated as to render it probable that they 
may have been of the same nature. Five other cases were of peri- 
toneal inflammation; three in males. Three were what was called 
enteritis, in one instance complicated with erysipelas; but it is 
well known that this term has been often used to signify inflamma- 
tion of the peritoneum covering the intestines. On the other hand, 
no case of typhus or typhoid fever is mentioned as giving rise to 
dangerous consequences, with the exception of the single instance 
of an undertaker mentioned by Mr. Travers, who seems to have 
been poisoned by a fluid which exuded from the body. The other 
accidents were produced by dissection, or some other mode of 
contact with bodies of patients who had died of various affections. 
They also differed much in severity, the cases of puerperal origin 
being among the most formidable and fatal. Now a moment’s 
reflection will show that the number of cases of serious consequences 
ensuing from the dissection of the bodies of those who had perished 
of puerperal fever is so vastly disproportioned to the relatively 
small number of autopsies made in this complaint as compared 
with typhus or pneumonia (from which last disease not one case 
of poisoning happened), and still more from all diseases put to- 
gether, that the conclusion is irresistible that a most fearful mor- 
bid poison is often generated in the course of this disease. Whether 
or not it is sut generis confined to this disease, or produced in 
some others, as, for instance, erysipelas, I need not stop to in- 
quire. 

In connection with this may be taken the following statement 
of Dr. Rigby. “That the discharges from a patient under puer- 
peral fever are in the highest degree contagious we have abundant 
evidence in the history of lying-in hospitals. The puerperal 
abscesses are also contagious, and may be communicated to healthy 
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lying-in women by washing with the same sponge; this fact has 
been repeatedly proved in the Vienna Hospital; but they are equally 
communicable to women not pregnant; on more than one occa- 
sion the women engaged in washing the soiled bed-linen of the 
General Lying-in Hospital have been attacked with abscess in the 
fingers or hands, attended with rapidly spreading inflammation 
of the cellular tissue.”’* 

Now add to all this the undisputed fact that within the walls of 
lying-in hospitals there is often generated a miasm, palpable as 
the chlorine used to destroy it, tenacious so as in some cases almost 
to defy extirpation, deadly in some institutions as the plague; 
which has killed women in a private hospital of London so fast 
that they were buried two in one coffin to conceal its horrors; 
which enabled Tonnellé to record two hundred and twenty-two 
autopsies at the Maternité of Paris; which has led Dr. Lee to 
express his deliberate conviction that the loss of life occasioned by 
these institutions completely defeats the objects of their founders; 
and out of this train of cumulative evidence, the multiplied groups 
of cases clustering about individuals, the deadly results of autop- 
sies, the inoculation by fluids from the living patient, the murder- 
ous poison of hospitals—does there not result a conclusion that 
laughs all sophistry to scorn, and renders all argument an insult? 

I have had occasion to mention some instances in which there 
was an apparent relation between puerperal fever and erysipelas. 
The length to which this paper has extended does not allow me 
to enter into the consideration of this most important subject. 
I will only say that the evidence appears to me altogether satis- 
factory that some most fatal series of puerperal fever have been 
produced by an infection originating in the matter or effluvia of 
erysipelas. In evidence of some connection between the two 
diseases, I need not go back to the older authors, as Pouteau or 
Gordon, but will content myself with giving the following refer- 
ences, with their dates; from which it will be seen that the testi- 
mony has been constantly coming before the profession for the 
last few years: 

* System of Midwifery, p. 292. 
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“London Cyclopedia of Practical Medicine,” article Puerpe- 
ral Fever, 1833. 

Mr. Ceeley’s Account of the Puerperal Fever at Aylesbury, 
“Lancet,” 1835. 

Dr. Ramsbotham’s Lecture, ‘‘London Medical Gazette,” 1835. 

Mr. Yates Ackerly’s Letter in the same journal, 1838. 

Mr. Ingleby on Epidemic Puerperal Fever, “Edinburgh Medical 
and Surgical Journal,” 1838. 

Mr. Paley’s Letter, “London Medical Gazette,’ 1839. 

Remarks at the Medical and Chirurgical Society, “‘Lancet,”’ 
1840. 

Dr. Rigby’s ‘‘System of Midwifery,” 1841. 

‘““Nunneley on Erysipelas,” a work which contains a large num- 
ber of references on the subject, 1841. 

“British and Foreign Quarterly Review,” 1842. 

Dr. S. Jackson, of Northumberland, as already quoted from 
the Summary of the College of Physicians, 1842. 

And, lastly, a startling series of cases by Mr. Storrs, of Don- 
caster, to be found in the “American Journal of the Medical 
Sciences” for January, 1843. 

The relation of puerperal fever with other continued fevers 
would seem to be remote and rarely obvious. Hey refers to two 
cases of synochus occurring in the Royal Infirmary of Edinburgh, 
in women who had attended upon puerperal patients. Dr. Col- 
lins refers to several instances in which puerperal fever has appeared 
to originate from a continued proximity to patients suffering with 
typhus. * 

Such occurrences as those just mentioned, though most impor- 
tant to be remembered and guarded against, hardly attract our 
notice in the midst of the gloomy facts by which they are surrounded. 
Of these facts, at the risk of fatiguing repetitions, I have sum- 
moned a sufficient number, as I believe, to convince the most 
incredulous that every attempt to disguise the truth which under- 
lies them all is useless. 

It is true that some of the historians of the disease, especially 


* Treatise on Midwifery, p. 228. 
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Hulme, Hull, and Leake, in England; Tonnellé, Dugés, and 
Baudelocque, in France, profess not to have found puerperal 
fever contagious. At the most they give us mere negative facts, 
worthless against an extent of evidence which now overlaps the 
widest range of doubt, and doubles upon itself in the redundancy 
of superfluous demonstration. Examined in detail, this and much 
of the show of testimony brought up to stare the daylight of con- 
viction out of countenance, proves to be in a great measure 
unmeaning and inapplicable, as might be easily shown were it 
necessary. Nor do I feel the necessity of enforcing the conclu- 
sion which arises spontaneously from the facts which have been 
enumerated, by formally citing the opinions of those grave 
authorities who have for the last half-century been sounding the 
unwelcome truth it has cost so many lives to establish. 

“Tt is to the British practitioner,” says Dr. Rigby, “‘that we are 
indebted for strongly insisting upon this important and dangerous 
character of puerperal fever.”’* 

The names of Gordon, John Clarke, Denman, Burns, Young,f 
Hamilton,{ Haighton,§ Good,|| Waller,{{ Blundell, Gooch, Rams- 
botham, Douglas,** Lee, Ingleby, Locock,t+ Abercrombie,tf 
Alison,§§ Travers, || || Rigby, and Watson, many of whose writ- 
ings I have already referred to, may have some influence with 
those who prefer the weight of authorities to the simple deductions 
of their own reason from the facts laid before them. A few Con- 
tinental writers have adopted similar conclusions.*** It gives me 


* British and Foreign Med. Rev. for January, 1842. 

+ Encyc. Britannica, xiii, 467, art., “ Medicine.” 

t Outlines of Midwifery, p. 109. § Oral Lectures, etc. 

|| Study of Medicine, ii, 195. q] Medical and Physical Journal, July, 1830. 
** Dublin Hospital Reports for 1822. 

tt Library of Practical Medicine, i, 373. 

tt Researches on Diseases of the Stomach, etc., p. 181. 

§§ Library of Practical Medicine, i, 96. 

|| || Further Researches on Constitutional Irritation, p. 128. 

{London Medical Gazette, February, 1842. 


**k See British and Foreign Medical Review, vol. iii, p. 525, and vol. iv, p. 517. 
Also Ed. Med. and Surg. Journal for July, 124, and American Journal of Med. 
Sciences for January, 1841. 
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pleasure to remember that, while the doctrine has been uncere- 
moniously discredited in one of the leading journals,* and 
made very light of by teachers in two of the principal medical 
schools of this country, Dr. Channing has for many years incul- 
cated, and enforced by examples, the danger to be apprehended 
and the precautions to be taken in the disease under consideration. 

I have no wish to express any harsh feeling with regard to the 
painful subject which has come before us. If there are any so 
far excited by the story of these dreadful events that they ask for 
some word of indignant remonstrance to show that science does 
not turn the hearts of its followers into ice or stone, let me remind 
them that’such words have been uttered by those who speak with 
an authority I could not claim.t It is as a lesson rather than as a 
reproach that I call up the memory of these irreparable errors and 
wrongs. No tongue can tell the heart-breaking calamity they 
have caused; they have closed the eyes just opened upon a new 
world of love and happiness; they have bowed the strength of 
manhood into the dust; they have cast the helplessness of infancy 
into the stranger’s arms, or bequeathed it, with less cruelty, the 
death of its dying parent. There is no tone deep enough for 
regret, and no voice loud enough for warning. The woman about 
to become a mother, or with her new-born infant upon her bosom, 
should be the object of trembling care and sympathy wherever 
she bears her tender burden or stretches her aching limbs. The 
very outcast of the streets has pity upon her sister in degradation 
when the seal of promised maternity is impressed upon her. The 
remorseless vengeance of the law, brought down upon its victim 
by a machinery as sure as destiny, is arrested in its fall at a word 
which reveals her transient claim for mercy. The solemn prayer 
of the liturgy singles out her sorrows from the multiplied trials 
of life, to plead for her in the hour of peril. God forbid that any 
member of the profession to which she trusts her life, doubly 
precious at that eventful period, should hazard it negligently, 
unadvisedly, or selfishly! 

* Phil. Med. Journal, vol. xii, p. 364. 
} Dr. Blundell and Dr. Rigby in the works already cited. 
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There may be some among those whom I address who are dis- 
posed to ask the question, What course are we to follow in relation 
to this matter? ‘The facts are before them, and the answer must 
be left to their own judgment and conscience. If any should care 
to know my own conclusions, they are the following; and in taking 
the liberty to state them very freely and broadly, I would ask the 
inquirer to examine them as freely in the light of the evidence which 
has been laid before him. 

1. A physician holding himself in readiness to attend cases of 
midwifery should never take any active part in the post-mortem 
examination of cases of puerperal fever. 

2. If a physician is present at such autopsies, he should use 
thorough ablution, change every article of dress, and allow twenty- 
four hours or more to elapse before attending to any case of mid- 
wifery. It may be well to extend the same caution to cases of 
simple peritonitis. 

3. Similar precautions should be taken after the autopsy or 
surgical treatment of cases of erysipelas, if the physician is obliged 
to unite such offices with his obstetrical duties, which is in the 
highest degree inexpedient. 

4. On the occurrence of a single case of puerperal fever in his 
practice, the physician is is bound to consider the next female he 
attends in labor, unless some weeks at least have elapsed, as in 
danger of being infected by him, and it is his duty to take every 
precaution to diminish her risk of disease and death. 

5. If within a short period two cases of puerperal fever happen 
close to each other, in the practice of the same physician, the disease 
not existing or prevailing in the neighborhood, he would do wisely 
to relinquish his obstetrical practice for at least one month, and 
endeavor to free himself by every available means from any noxious 
influence he may carry about with him. 

6. The occurrence of three or more closely connected cases, in 
the practice of one individual, no others existing in the neighbor- 
hood, and no other sufficient cause being alleged for the coincidence, 
is prima facie evidence that he is the vehicle of contagion. 

7. It is the duty of the physician to take every precaution that 
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the disease shall not be introduced by nurses or other assistants, 
by making proper inquiries concerning them, and giving timely 
warning of every suspected source of danger. 

8. Whatever indulgence may be granted to those who have 
heretofore been the ignorant causes of so much misery, the time 
has come when the existence of a private pestilence in the sphere 
of a single physician should be looked upon, not as a misfortune, 
but a crime; and in the knowledge of such occurrences the duties 
of the practitioner to his profession should give way to his para- 
mount obligations to society. 


ADDITIONAL REFERENCES AND CASES 


Fijth Annual Report of the Registrar-General of England, 1843. Appendix. 
Letter from William Farr, Esq.—Several new series of cases are given in the letter 
of Mr. Storrs, contained in the appendix to this report. Mr. Storrs suggests pre- 
cautions similar to those I have laid down, and these precautions are strongly en- 
forced by Mr. Farr, who is, therefore, obnoxious to the same criticisms as myself. 

Hall.and Dexter, in Am. Journal of Med. Sc. for January, 1844.—Cases of puer- 
peral fever seeming to originate in erysipelas. 

Elkington, of Birmingham, in Provincial Med. Journal, cited in Am. Journ. 
Med. Sc. for April, 1844.—Six cases in less than a fortnight, seeming to originate 
in a case of erysipelas. 

West's Reports, in Brit. and For. Med. Review for October, 1845, and January, 
1847.—Affection of the arm, resembling malignant pustule, after removing the 
placenta of a patient who died from puerperal fever. Reference to cases at Wiirzburg, 
as proving contagion, and to Keiller’s cases in the Monthly Journal for February, 
1846, as showing connection of puerperal fever and erysipelas. 

Kneeland.—Contagiousness of Puerperal Fever. Am. Jour. Med. Sc., January, 
1846. Also, Connection between Puerperal Fever and Epidemic Erysipelas. 
Tbid., April, 1846. 

Robert Storrs.—Contagious Effects of Puerperal Fever on the Male Subject; 
or on Persons not Child-bearing. (From Provincial Med. and Surg. Journal.) 
Am. Jour. Med. Sc., January, 1846. Numerous cases. See also Dr. Reid’s case 
in same journal for April, 1846. 

Routh’s paper in Proc. of Royal Med. Chir. Soc., Am. Jour. Med. Sc., April, 
1849, also in B. and F. Med. Chir. Review, April, 1850. 

Hill, of Leuchars.—A Series of Cases Illustrating the Contagious Nature of 
Erysipelas and of Puerperal Fever, and their Intimate Pathological Connection. 
(From Monthly Journal of Med. Sc.) Am. Jour. Med. Sc., July, 1850. 

Skoda on the Causes of Puerperal Fever. (Peritonitis in rabbits, from inocula- 
tion with different morbid secretions.) Am. Jour. Med. Sc., October, 1850. 

Arneth.—Paper read before the National Academy of Medicine. Annales 
d’Hygitne, Tome LXV. 2¢ Partie. (Means of Disinfection proposed by M. “Sem- 
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meliveis.” (Semmelweiss.) Lotions of chloride of lime and use of nail-brush 
before admission to lying-in wards. Alleged sudden and great decrease of mortality 
from puerperal fever. Cause-of disease attributed to inoculation with cadaveric 
matters.) See also Routh’s paper, mentioned above. 

Moir.—Remarks at a meeting of the Edinburgh Medico-chirurgical Society. 
Refers to cases of Dr. Kellie, of Leith. Sixteen in succession, all fatal. Also to 
several instances of individual pupils having had a succession of cases in various 
quarters of the town, while others, practising as extensively in the same localities, 
had none. Also to several special cases not mentioned elsewhere. Am. Jour. 
Med. Sc. for October, 1851. (From New Monthly Journal of Med. Science.) 

Simpson.—Observations at a Meeting of the Edinburgh Obstetrical Society. 
(An “eminent gentleman,” according to Dr. Meigs, whose “name is as well known 
in America as in (his) native land,’ Obstetrics, Phil., 1852, pp. 368, 375.) The 
student is referred to this paper for a valuable résumé of many of the facts, and the 
necessary inferences, relating to this subject. Also for another series of cases, 
Mr. Sidey’s, five or six in rapid succession. Dr. Simpson attended the dissection 
of two of Dr. Sidey’s cases, and freely handled the diseased parts. His next four 
child-bed patients were affected with puerperal fever, and it was the first time he 
had seen it in practice. As Dr. Simpson is a gentleman (Dr. Meigs, as above), 
and as “‘a gentleman’s hands are clean” (Dr. Meigs’ sixth letter), it follows that a 
gentleman with clean hands may carry the disease. Am. Jour. Med. Sc., October, 
1851. 

Peddie.—The five or six cases of Dr. Sidey, followed by the four of Dr. Simpson, 
did not end the series. A practitioner in Leith having examined in Dr. Simpson’s 
house, a portion of the uterus obtained from one of the patients, had immediately 
afterwards three fatal cases of puerperal fever. Dr. Peddie referred to two distinct 
series of consecutive cases in his own practice. He had since taken precautions, 
and not met with any such cases. Am. Jour. Med. Sc., October, 1851. 

Copland.—Considers it proved that puerperal fever may be propagated by the 
hands and the clothes, or either, of a third person, the bed-clothes or body-clothes 
of a patient. Mentions a new series of cases, one of which he saw, with the practi- 
tioner who had attended them. She was the sixth he had had within a few days. 
All died. Dr. Copland insisted that contagion had caused these cases; advised 
precautionary measures, and the practitioner had no other cases for a considerable 
time. Considers it criminal, after the evidence adduced,—which he could have 
quadrupled,—and the weight of authority brought forward, for a practitioner to 
be the medium of transmitting contagion and death to his patients. Dr. Copland 
lays down rules similar to those suggested by myself, and is therefore entitled to 
the same epithet for so doing. Medical Dictionary, New York, 1852. Article, 
Puerperal States and Diseases. 

If there is any appetite for facts so craving as to be yet unappeased,—/assata, 
necdum satiata,—more can be obtained. Dr. Hodge remarks that “‘the frequency 
and importance of this singular circumstance (that the disease is occasionally more 
prevalent with one practitioner than another) has been exceedingly overrated.” 
More than thirty strings of cases, more than two hundred and fifty sufferers from 
puerperal fever, more than one hundred and thirty deaths, appear as the results 
of a sparing estimate of such among the facts I have gleaned as could be numeri- 
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cally valued. These facts constitute, we may take it for granted, but a small 
fraction of those that have actually. occurred. The number of them might be 
greater, but “’t is enough, ’t will serve,” in Mercutio’s modest phrase, so far as 
frequency is concerned. For a just estimate of the importance of the singular 
circumstance, it might be proper to consult the languid survivors, the widowed 
husbands, and the motherless children, as well as “the unfortunate accoucheur.”’ 
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Holmes’s article on Puerperal Fever antedates that of Semmel- 
weis, but as the writings of the latter author are classical, refer- 
ences to them are given here— 


Semmelweis, Ignaz Philipp, 1818-1865. 

Die Aetiologie, der Begriff, und die Prophylaxis des Kindbettfiebers, vi, 543 pp., 
octavo, Pest, Wien, u. Leipzig, C. A. Hartleben, 1861. 

Zwei offene Briefe an Dr. J. Spaeth, Professor der Geburtshilfe an der K. K. Josephs 
Akademie in Wien und an Hofrath Dr. F. W. Scanzoni, Professor der 
Geburtshilfe zu Wiirzburg, 21 pp., 16mo, Pest, G. Emich, 1861. 

Zwei offene Briefe an Hofrath Dr. Edward Casp. Jac v. Siebold, Professor der 
Geburtshilfe zu Géttingen, und an Hofrath Dr. F. W. Scanzoni, Professor 
der Geburtshilfe zu Wiirzburg, 4o pp., 16mo, Pest, G. Emich, 186r. 

Hochst wichtige Erfahrungen iiber die Aetiologie derin Gebiaranstalten epidem- 
ischen Puerperalfieber. Ztschr. d. K. K. Gesellsch. d. Aerzte in Wien, 
1847, ii, 242, 1849, v, 64. 

A Gyermekdgyi lds Kéroktana (etiologie of puerperal fever), Orvosi hetil., Budapest, 
1858, li, 1; 17; 65; 81; 305; 3373 353- 
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CONCERNING THE NATURE OF THINGS, Sir William Bragg. Christmas lectures delivered at the 
Royal Society by Nobel laureate. Why a spinning ball travels in a curved track; how uranium 
is transmuted to lead, etc. Partial contents: atoms, gases, liquids, crystals, metals etc. No 
scientific background needed; wonderful for intelligent high school student. 32pp. of photos, 
57 figures. xii + 232pp. 5% x 8. T31 Paperbound $1.35 


THE NATURE OF LIGHT AND COLOUR IN THE OPEN AIR, M. Minnaert. Why is falling snow 
sometimes black? What causes mirages, the fata morgana, multiple suns and moons in the sky; 
how are shadows formed? Prof. Minnaert of the University of Utrecht answers these and similar 
questions in optics, light, colour, for non-specialists. Particularly valuable to nature, science 
students, painters, photographers. Translated by H. M. Kremer-Priest, K. Jay. 202 illustrations, 
including 42 photos. xvi + 362pp. 5% x 8. T196 Paperbound $1.95 


THE RESTLESS UNIVERSE, Max Born. New enlarged version of this remarkably readable account by 
a Noble laureate. Moving from subatomic particles to universe, the author explains in very simple 
terms the latest theories of wave mechanics. Partial contents: air and its relatives, electrons & ions, 
waves & particles, electronic structure of the atom, nuclear physics. Nearly 600 illustrations, 
including 7 animated sequences. 325pp. 6 x 9. T412 Paperbound $2.00 


MATTER & LIGHT, THE NEW PHYSICS, L. de Broglie. Non-technical papers by a Nobel laureate 
explain electromagnetic theory, relativity, matter, light and radiation, wave mechanics, quantum 
physics, philosophy of science. Einstein, Planck, Bohr, others explained so easily that no 
mathematical training is needed for all but 2 of the 21 chapters. Unabridged. Index. 300pp. 
5% x 8. T35 Paperbound $1.75 


THE COMMON SENSE OF THE EXACT SCIENCES, W. K. Clifford. Introduction by James Newman, 
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determining position, etc. Long preface by Bertrand Russell. Bibliography of Clifford. Corrected, 
130 diagrams redrawn. 249pp. 5%, x 8. T61 Paperbound $1.60 


THE EVOLUTION OF SCIENTIFIC THOUGHT FROM NEWTON TO EINSTEIN, A. d'Abro. Einstein's 
special and general theories of relativity, with their historical implications, are analyzed in non- 
technical terms. Excellent accounts of the contributions of Newton, Riemann, Weyl, Planck, 
Eddington, Maxwell, Lorentz and others are treated in terms of space and time, equations of 
electromagnetics, finiteness of the universe, methodology of science. 21 diagrams. 482pp. 
Ba Xo.  - T2 Paperbound $2.00 


WHAT IS SCIENCE, Norman Campbell. This excellent introduction explains scientific method, role 
of mathematics, types of scientific laws. Contents: 2 aspects of science, science & nature, laws 
of science, discovery of laws, explanation of laws, measurement & numerical laws, applications 
of science. 192pp. 5%, x 8. S43 Paperbound $1.25 


THE RISE OF THE NEW PHYSICS, A. d’Abro. A half-million word exposition, formerly titled 
THE DECLINE OF MECHANISM, for readers not versed in higher mathematics. The only thorough 
explanation, in everyday language, of the central core of modern mathematical physical theory, 
treating both classical and modern theoretical physics, and presenting in terms almost anyone 
can understand the equivalent of 5 years of “study of mathematical physics. Scientifically im- 
peccable coverage of mathematical-physical thought from the Newtonian system up through the 
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in the physical sciences,’ JOURNAL OF THE FRANKLIN INSTITUTE. ‘'Extraordinary faculty .. . 
to explain ideas and theories of theoretical physics in the language of daily life,’’ ISIS. Indexed. 
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A HISTORY OF ASTRONOMY FROM THALES TO KEPLER, J. L. E. Dreyer. (Formerly A HISTORY 
OF PLANETARY SYSTEMS FROM THALES TO KEPLER.) This is the only work in English to give 
the complete history of man's cosmological views from prehistoric times to Kepler and Newton. 
Partial contents: Near Eastern astronomical systems, Early Greeks. Homocentric spheres of Eu- 
doxus, Epicycies. Ptolemaic system, medieval cosmology. Copernicus. Kepler, etc. Revised, 
foreword by W. H. Stahl. New bibliography. xvii + 430pp. 5% x8. coo Pape maundeiioe 


THE PSYCHOLOGY OF INVENTION IN THE MATHEMATICAL FIELD, J. Hadamard. Where do 
ideas come from? What role does the unconscious play? Are ideas best developed by mathe- 
matical reasoning, word reasoning, visualization? What are the methods used by Einstein, 
Poincaré, Galton, Riemann. How can these techniques be applied by others? Hadamard, one 


f th Id's_ leadin athematicians, discusses these and other questions. xiii + 145pp. 
5% ve ele iaietls tae T107 Paperbound $1.25 


SPINNING TOPS AND GYROSCOPIC MOTION, John Perry. Well-known classic of science still 
unsurpassed for lucid, accurate, delightful exposition. How quasi-rigidity is induced in flexible 
and fluid bodies by rapid motion; why gyrostat falls, top rises; nature and effect on climatic 
conditions of earth's precessional movement; effect of internal fluidity on rotating bodies, etc. 
Appendixes describe practical uses to which gyroscopes have been put in ships, compasses, 
monorail transportation. 62 figures. 128pp. 5%, x 8. T416 Paperbound $1.00 


A CONCISE HISTORY OF MATHEMATICS, D. Struik. Lucid study of development of mathematical 
ideas, techniques, from Ancient Near East, Greece, Islamic science, Middle Ages, Renaissance, 
modern times. Important mathematicians are described in detail. Treatment is not anecdotal, 
but analytical development of ideas. ‘Rich in content, thoughtful in interpretation’ U. Si 
QUARTERLY BOOKLIST. Non-technical; no mathematical training needed. Index. 60 illustrations, 
including Egyptian papyri, Greek mss., portraits of 31 eminent mathematicians. Bibliography. 
2nd edition. xix + 299pp. 5% x 8. $255 Paperbound $1.75 


FOUNDATIONS OF GEOMETRY, Bertrand Russell. Analyzing basic problems in the overlap area 
between mathematics and philosophy, Nobel laureate Russell examines the nature of geometrical 
knowledge, the nature of geometry, and the application of geometry to space. It covers the 
history of non-Euclidean geometry, philosophic interpretations of geometry—especially Kant— 
projective and metrical geometry. This is most interesting as the solution offered in 1897 by a 
great mind to a problem still current. New introduction by Prof. Morris Kline of N. Y. University. 
xii + 201]pp. 5%, x 8. §232 Clothbound $3.25 

6233 Paperbound $1.60 


THE NATURE OF PHYSICAL THEORY, P. W. Bridgman. Here is how modern physics looks to a 
highly unorthodox physicist—a Nobel laureate. Pointing out many absurdities of science, and 
demonstrating the inadequacies of various physical theories, Dr. Bridgman weighs and analyzes 
the contributions of Einstein, Bohr, Newton, Heisenberg, and many others. This is a non- 
technical consideration of the correlation of science and reality. Index. xi + 138pp. 5% x 8. 

S33 Paperbound $1.25 


EXPERIMENT AND THEORY IN PHYSICS, Max Born. A Nobel laureate examines the nature and 
value of the counterclaims of experiment and theory in physics. Synthetic versus analytical sci- 
entific advances are analyzed in the work of Einstein, Bohr, Heisenberg, Planck, Eddington, 
Milne, and others by a fellow participant. 44pp. 5% x 8. S308 Paperbound 60c 


THE STUDY OF THE HISTORY OF MATHEMATICS & THE STUDY OF THE HISTORY OF SCIENCE, 
George Sarton. Scientific method & philosophy in 2 scholarly fields. Defines duty of historian 
of math provides especially useful bibliography with best available biographies of modern 
mathematicians, editions of their collected works, correspondence. Shows that combination of 
history & science will aid scholar in understanding science today. Bibliography includes best 
known treatises on historical methods. 200-item critically evaluated bibliography. Index. 10 
illustrations. 2 volumes bound as one. 113pp. + 75pp. 5% x 8. T240 Paperbound $1.25 
SCIENCE AND METHOD, Henri Poincaré. Procedure of scientific discovery, methodology, experi- 
ment, idea-germination—the intellectual processes by which discoveries come into being. Most 
significant and most interesting aspects of development, application of ideas. Chapters cover 
selection of facts, chance, mathematical reasoning, mathematics and logic; Whitehead, Russell, 
Cantor; the new mechanics, etc. 288pp. 5%, x 8. $222 Paperbound $1.25 
SCIENCE AND HYPOTHESIS, Henri Poincaré. Creative psychology in science. How such concepts 
as number, magnitude, space, force, classical mechanics were developed, and how the modern 
scientist uses them in his thought. Hypothesis in physics, theories of modern physics. Introduction 
by Sir James Larmor. ‘'Few mathematicians have had the breadth of vision of Poincaré, and 
none is his superior in the gift of clear exposition,'’ E. T. Bell. Index. 272pp. 5% x 8. 

$221 Paperbound $1.25 
FOUNDAIIONS OF PHYSICS, R. B. Lindsay & H. Margenauv. Excellent bridge between semi- 
popular works & technical treatises. A discussion of methods of physical description, construction 
of theory; valuable for physicist with elementary calculus who is interested in ideas that give 
meaning to data, tools of modern physics. Contents include symbolism, mathematical equations; 
space & time; foundations of mechanics; probability; physics & continua; electron theory; special 


& general relativity; quantum mechanics; causality. ‘‘Thorough and yet not overdetailed. Unre- 
servedly recommended,'’ NATURE (London). Unabridged, corrected edition. List of recommended 
readings. 35 illustrations. xi + 537pp. 5% x 8. S377 Paperbound $2.45 


CLASSICS OF SCIENCE 


THE THIRTEEN BOOKS OF EUCLID’S ELEMENTS, edited by Sir Thomas Heath. Definitive edition 
of one of the very greatest classics of Western world. Complete English translation of Heiberg 
text, together with spurious Book XIV. Detailed 150-page introduction discussing aspects of 
Greek and medieval mathematics. Euclid, texts, commentators, etc. Paralleling the text is an 
elaborate critical apparatus analyzing each definition, proposition, postulate, covering textual 
matters, mathematical analysis, commentators of all times, refutations, supports, extrapolations 
etc. This is the full EUCLID. Unabridged reproduction of Cambridge U. 2nd edition. 3 volumes. 
Total of 995 figures, 1426pp. 5% x 8. S88,89,90 3 volume set, paperbound $6.00 


OPTICKS, Sir Isaac Newton. In its discussions of light, reflection, color, refraction, theories of 
wave and corpuscular theories of light, this work is packed with scores of insights and dis- 
coveries. In its precise and practical discussion of construction of optical apparatus contemporary 
understandings of phenomena it is truly fascinating to modern physicists, astronomers mathe- 
maticians. Foreword by Albert Einstein. Preface by |. B. Cohen of Harvard University. 7 pages 
of portraits, facsimile pages, letters, atc. cxvi + 4]4pp. 5% x 8. S205 Paperbound $2.00 


THE PRINCIPLE OF RELATIVITY, A. Einstein, H. Lorentz, M. Minkowski, H. Weyl. These are the 
1] basic papers that founded the general and special theories of relativity, all translated inte 
English. Two papers by Lorentz on the Michelson experiment, electromagnetic phenomena 
Minkowski's SPACE & TIME, and Weyl’s GRAVITATION & ELECTRICITY. 7 epoch-making papers 
by Einstein: ELECTROMAGNETICS OF MOVING BODIES, INFLUENCE OF GRAVITATION IN PROP. 
AGATION OF LIGHT, COSMOLOGICAL CONSIDERATIONS, GENERAL THEORY, and 3 others. 7 
diagrams. Special notes by A. Sommerfeld. 224pp. 5% x 8. S81. Paperbound $1.75 


THE ANALYTICAL THEORY OF HEAT, Joseph Fourier. This book, which revolutionized mathe- 
matical physics, is listed in the Great Boek program, and many other listings of great books. 
It has been used with profit by generations of mathematicians and physicists who are interested 
in either heat or in the application of the Fourier integral. Covers cause and reflections of rays 
of heat, radiant heating, heating of closed spaces, use of trigonometric series in the theory of 
heat, Fourier integral, etc. Translated by Alexander Freeman. 20 figures. xxii + 466pp. 
5%, x 8. S93 Paperbound $2.00 


THE WORKS OF ARCHIMEDES, edited by T. L. Heath. All the known works of the great Greek 
mathematician are contained in this one volume, including the recently discovered Method of 
Archimedes. Contains: On Sphere & Cylinder, Measurement of a Circle, Spirals, Concids, Spher- 
oids, etc. This is the definitive edition of the greatest mathematical intellect of the ancient 
world. 186-page study by Heath discusses Archimides and the history of Greek mathematics. 
Bibliography. 563pp. 5%, x 8. S9 Paperbound $2.00 


A PHILOSOPHICAL ESSAY ON PROBABILITIES, Marquis de Laplace. This famous essay explains 
without recourse to mathematics the principle of probability, and the application of probability 
to games of chance, natural philosophy, astronomy, many other fields. Translated from the 
6th French edition by F. W. Truscott, F. L. Emory, with new introduction for this edition by 
E. T. Bell. 204pp. 5% x 8. $166 Paperbound $1.25 


INVESTIGATIONS ON THE THEORY OF THE BROWNIAN MOVEMENT, Albert Einstein. Reprints 
from rare European journals. 5 basic papers, including the Elementary Theory of the Brownian 
Movement, written at the request of Lorentz to provide a simple explanation. Translated by 
A. D. Cowper. Annotated, edited by R. Firth. 33pp. of notes elucidate, give history of pre- 
vious investigations. Author, subject indexes. 62 footnotes. 124pp. 5% x 8. 

S304 Paperbound $1.25 


THE GEOMETRY OF RENE DESCARTES. With this book Descartes founded analytical geometry. 
Original French text, with Descartes’ own diagrams, and excellent Smith-Latham translation. 
Contains Problems the Construction of Which Requires Only Straight Lines and Circles; On the 
Nature of Curved Lines; On the Construction of Solid or Supersolid Problems. Notes. Diagrams. 
258pp. 5% x 8. S68 Paperbound $1.50 


DIALOGUES CONCERNING TWO NEW SCIENCES, Galileo Galilei. This classic of experimental 
science, mechanics, engineering, is as enjoyable as it is important. Based on 30 years’ ex- 
perimentation and characterized by its author as ‘‘superior to everything else of mine,’ it offers 
a lively exposition of dynamics, elasticity, sound, ballistics, strength of materials, and the sci- 
entific method. Translated by H. Grew and A. de Salvio. 126 diagrams. Index. xxi ++ 288pp. 
5%ex 8. S99 Paperbound $1.65 


TREATISE- ON ELECTRICITY AND MAGNETISM, James Clerk Maxwell. For more than 80 years a 
seemingly inexhaustible source of leads for physicists, mathematicians, engineers. Total of 
1082pp. on such topics as Measurement of Quantities, Electrostatics, Elementary Mathematical 
Theory of Electricity, Electrical Work and Energy in a System of Conductors, General Theorems, 
Theory of Electrical Images, Electrolysis, Conduction, Polarization, Dielectrics, Resistance, etc. 
‘The greatest mathematical physicist since Newton,’’ Sir James Jeans. 3rd edition. 107 figures, 
21 plates. 1082pp. 5% x 8. §186 Clothbound $4.95 


PRINCIPLES OF PHYSICAL OPTICS, Ernst Mach. This classical examination of the propagation of 
light, color, polarization etc. offers a historical and philosophical treatment that has never been 
surpassed for breadth and easy readability. Contents: Rectilinear propagation of light. Reflec- 
tion, refraction. Early knowledge of vision. Dioptrics. Composition of light. Theory of color 
and dispersion. Periodicity. Theory of interference. Polarization. Mathematical representation 
of properties of light. Propagation of waves, etc. 279 illustrations, 10 portraits. Appendix. 
Indexes. 324pp. 5% x 8. $178 Paperbound $1.75 


THEORY OF ELECTRONS AND ITS APPLICATION TO THE PHENOMENA OF LIGHT AND RADIANT 
HEAT, H. Lorentz. Lectures delivered at Columbia University by Nobel laureate Lorentz. Un- 
abridged, they form a historical coverage of the theory of free electrons, motion, absorption 
of heat, Zeeman effect, propagation of light in molecular bodies, inverse Zeeman effect, optical 
phenomena in moving bodies, etc. 109 pages of notes explain the more advanced sections. 
Index. 9 figures. 352pp. 5% x 8. $173 Paperbound $1.85 


MATTER & MOTION, James Clerk Maxwell. This excellent exposition begins with simple particles 
and proceeds gradually to physical systems beyond complete analysis: motion, force, properties 
of centre of mass of material system, work, energy, gravitation, etc. Written with all Maxwell's 


original insights and clarity! Notes by E. Larmor. 17 diagrams. 178pp. 5% x 8. 
$188 Paperbound $1.25 


AN INTRODUCTION TO THE STUDY OF EXPERIMENTAL MEDICINE, Claude Bernard. 90-year-old 
classic of medical science, only major work of Bernard available in English, records his efforts 
to transform physiology into exact science. Principles of scientific research illustrated by specific 
case histories from his work; roles of chance, error, preliminary false conclusions, in leading 
eventually to scientific truth; use of hypothesis. Much of modern application of mathematics to 
biology rests on the foundation set down here. New foreword by Professor |. B. Cohen, Harvard 
Univ. xxv + 266pp. 5% x 8. T400 Paperbound $1.50 


PRINCIPLES OF MECHANICS, Heinrich Hertz. This last work by the great 19th century physicist 
is not only a classic, but of great interest in the logic of science. Creating a new system ot 
mechanics based upon space, time, and mass, it returns to axiomatic analysis, to understanding 
of the formal or structural aspects of science, taking into account logic, observation, and a priori 
elements. Of great historical importance to Poincaré, Carnap, Einstein, Milne. A 20-page in- 
troduction by R. S. Cohen, Wesleyan University, analyzes the implications of Hertz's thought and 
the logic of science. Bibliography. 13-page introduction of Helmholtz. xiii + 274pp. 5% x 8. 

$316 Clothbound $3.50 

S317 Paperbound $1.75 


ANIMALS IN MOTION, Eadweard Muybridge. Largest, most comprehensive selection of Muy- 
bridge's famous action photos of animals, from his ANIMAL LOCOMOTION. 3919 high-speed 
shots of 34 different animals and birds in 123 different types of action: horses, mules, oxen, 
pigs, goats, camels, elephants, dogs, cats, guanacos, sloths, lions, tigers, jaguars, raccoons, 
baboons, deer, elk, gnus, kangaroos, many others, in different actions—walking, running, 
flying, leaping. Horse alone shown in more than 40 different ways. Photos taken against ruled 
backgrounds; most actions taken from 3 angles at once: 90°, 60°, rear. Most plates original 
size. Of considerable interest to scientists as a classic of biology, as a record of actual facts 
of natural history and physiology. ‘'A really marvellous series of plates,'’ NATURE (London). 
“A monumental work,’' Waldemar Kaempffert. Photographed by E. Muybridge. Edited by L. S. 
Brown, American Museum of Natural History. 74-page introduction on mechanics of motion. 
340 pages of plates, 3919 photographs. 416pp. Deluxe binding, paper. (Weight 41% Ibs.) 
7% x 10%. T7203 Clothbound $10.00 


THE HUMAN FIGURE IN MOTION, Eadweard Muybridge. This new edition of a great classic in 
the history of science and photography is the largest selection ever made from the original 
Muybridge photos of human action: 4789 photographs, illustrating 163 types of motion: walking, 
running, lifting, etc. in time-exposure sequence photos at speeds up to 1/6000th of a second. 
Men, women, children, mostly undraped, showing bone and muscle positions against ruled 
backgrounds, mostly taken at 3 angles at once. Not only was this a great work of photography, 
acclaimed by contemporary critics as a work of genius, it was also a great 19th century land- 
mark in biological research. Historical introduction by Prof. Robert Taft, U. of Kansas. Plates 
original size, full detail. Over 500 action strips. 407pp. 7%, x 10%. 

T7204 Clothbound $10.00 


ON THE SENSATIONS OF TONE, Hermann Helmholtz. This is an unmatched coordination of such 
fields as acoustical physics, physiology, experiment, history of music. It covers the entire gamut 
of musical tone. Partial contents: relation of vibration, resonance, analysis of tones by sym- 
pathetic resonance, beats, chords, tonality, consonant chords, discords, progression of parts, etc. 
33 appendixes discuss various aspects of sound, physics, acoustics, music, etc. Translated 
by A. J. Ellis. New introduction by Prof. Henry Margenau of Yale. 68 figures. 43 musical 
passages analyzed. Over 100 tables. Index. xix + 576pp. 6%, x 9%. 

$114 Clothbound $4.95 


COLLECTED WORKS OF BERNHARD RIEMANN. This important source book is the first to contain 
the compiete text of both 1892 Werke and the 1902 supplement, unabridged. It contains 31 
monographs, 3 complete lecture courses, 15 miscellaneous papers, which have been of enor- 
mous importance in relativity, topology, theory of complex variables, and other areas of mathe- 
matics. Edited by R. Dedekind, H. Weber, M. Noether, W. Wirtinger. German text. English 
introduction by Hans Lewy. 690pp. 5% x 8. $226 Paperbound $2.85 


CONTRIBUTIONS TO THE FOUNDING OF THE THEORY OF TRANSFINITE NUMBERS, Georg Cantor. 
These papers founded a new branch of mathematics. The famous articles of 1895-7 are trans- 
lated with an 82-page introduction by P. E. B. Jourdain dealing with Cantor, the background 
of his discoveries, their results, future possibilities. Bibliography. Index. Notes. ix + 211pp. 
5%, x 8. S45 Paperbound $1.25 


PRINCIPLES OF PSYCHOLOGY, William James. This is the complete ‘‘Long Course,'' which is not 
to be confused with abridged editions. It contains all the wonderful descriptions, deep insights 
that have caused it to be a permanent work in all psychological libraries. Partial contents: 
functions of the brain, automation theories, mind-stuff theories, relation of mind to other things, 
consciousness, times, space, thing perception, will, emotions, hypnotism, and dozens of other 
areas in descriptive psychology. ‘‘A permanent classic like Locke's ESSAYS, Hume's TREATISE,’ 
John Dewey. ‘'The preeminence of James in American psychology is unquestioned,'' PERSONALIST. 
‘'The American classic in psychology—unequaled in breadth and scope in the entire psychological 
literature,’' PSYCHOANALYTICAL QUARTERLY. Index. 94 figures. 2 volumes bound as one. 
Total of 1408pp. T381 Vol. 1. Paperbound $2.00 


T382 Vol. 2. Paperbound $2.00 
RECREATIONS 


SEVEN SCIENCE FICTION NOVELS OF H. G. WELLS. This is the complete text, unabridged, of 
seven of Wells's greatest novels: War of the Worlds, The Invisible Man, The Island of Dr 
Moreau, The Food of the Gods, The First Men in the Moon, In the Days of the Comet The 
Time Machine. Still considered by many experts to be the best science-fiction ever written 
they will offer amusement and instruction to the scientific-minded reader. 1015pp. 5%, x 8. 


7264 Clothbound $3.95 


28 SCIENCE FICTION STORIES OF H. G. WELLS. Unabridged! This enormous omnibus contains 
4 full-length novels—Men Like Gods, Star Begotten—plus 26 short stories of space, time, in- 
vention, biology, etc. The Crystal Egg, The Country of the Blind, Empire of the Ants, The Man 
Who Could Work Miracles, Aepyornis Island, A Story of the Days to Come, and 22 others! 
915pp. 5% x 8. 7265 Clothbound $3.95 


FLATLAND, E. A. Abbott. This is a perennially popular science-fiction classic about life in a 
two-dimensioned world, and the impingement of higher dimensions. Political, satiric, humorous, 
moral overtones. Relativity, the fourth dimension, and other aspects of modern science are 
explained more clearly than in most texts. 7th edition. New introduction by Banesh Hoffmann. 
128pp. 5%, x 8. Tl Paperbound $1.00 


CRYPTANALYSIS, Helen F. Gaines. (Formerly ELEMENTARY CRYPTANALYSIS.) A standard ele- 
mentary and intermediate text for serious students. It does not confine itself to old material, 
but contains much that is not generally known except to experts. Concealment, Transposition, 
Subsititution ciphers; Vigenere, Kasiski, Playfair, multafid, dozens of other techniques. Appendix 
with sequence charts, letter frequencies in English, 5 other languages, English word frequencies. 
Bibliography. 167 codes. New to this edition: solutions to codes. vi + 230pp. 5% x 8%. 

T97 Paperbound $1.95 


FADS AND FALLACIES IN THE NAME OF SCIENCE, Martin Gardner. Examines various cults, 
quack systems, frauds, delusions which at various times have masqueraded as science. Accounts 
of hollow-earth fanatics like Symmes; Velikovsky and wandering planets; Hoerbiger; Bellamy 
and the theory of multiple moons; Charles Fort, dowsing, pseudoscientific methods for finding 
water, ores, oil. Sections on naturopathy, iridiagnosis, zone therapy, food fads, etc. Analytical 
accounts of Wilhelm Reich and orgone sex energy; L. Ron Hubbard and Dianetics; A. Korzybski 
and General Semantics; many others. Brought up to date to include Bridey Murphy, others. 
Not just a collection of anecdotes, but a fair, reasoned appraisal of eccentric theory. Formerly 
titled IN THE NAME OF SCIENCE. Preface. Index. x + 384pp. 5%, x 8. 

1394 Paperbound $1.50 


REINFELD ON THE END GAME IN CHESS, Fred Reinfeld. Analyzes 62 end games by Alekhine, 
Flohr, Tarrasch, Morphy, Bogolyubov, Capablanca, Vidmar, Rubinstein, Lasker, Reshevsky, other 
masters. Only first-rate book with extensive coverage of error; of immense aid in pointing out 
errors you might have made. Centers around transitions from middle play to various types of 
end play. King & pawn endings, minor piece endings, queen endings, bad bishops, blockage, 
weak pawns, passed pawns, etc. Formerly titled PRACTICAL END PLAY. 62 figures. vi + 177pp. 
5%, x 8. T417 Paperbound $1.25 


PUZZLE QUIZ AND STUNT FUN, Jerome Meyer. 238 high-priority puzzles, stunts, and tricks— 
mathematical puzzles like The Clever Carpenter, Atom Bomb, Please Help Alice; mysteries and 
deductions like The Bridge of Sighs, Dog Logic, Secret Code; observation puzzlers like The 
American Flag, Playing Cards, Telephone Dial; more than 200 others involving magic squares, 
tongue twisters, puns, anagrams, word design. Answers included. Revised, enlarged edition 
of FUN-TO-DO. Over 100 illustrations. 238 puzzles, stunts, tricks. 256pp. 5% x 8. 

1337 Paperbound $1.00 


THE BOOK OF MODERN PUZZLES, G. L. Kaufman. More than 150 word puzzles, logic puzzles. 
No warmed-over fare but all new material based on same appeals that make crosswords and 
deduction puzzles popular, but with different principles, techniques. Two minute teasers, in- 
volved word-labyrinths, design and pattern puzzles, puzzles calling for logic and observation, 
puzzles testing ability to apply general knowledge to peculiar situations, many others. Answers 
to all problems. 116 illustrations. 192pp. 5% x 8. T7143 Paperbound $1.00 


101 PUZZLES IN THOUGHT AND LOGIC by C. R. Wylie, Jr. Designed for readers who enjoy 
the challenge and stimulation of logical puzzles without specialized mathematical or scientific 
knowledge. These problems are entirely new and range from relatively easy, to brainteasers 
that will afford hours of subtle entertainment. Detective problems, how to find the lying fisher- 
man, how a blindman can identify color by logic, and many more. Easy-to-understand intro- 


ducti to the logic of puzzle solving and general scientific method. 128pp. 5% x 8. 
ieee + : 5 1367 Paperbound $1.00 


MATHEMAGIC, MAGIC PUZZLES, AND GAMES WITH NUMBERS, Royal V. Heath. Over 60 new 
puzzles and stunts based on properties of numbers. Demonstrates easy techniques for multiply- 
ing large numbers mentally, identifying unknown numbers, determining date of any day in 
any year, dozens of similar useful, entertaining applications of mathematics. Entertainments 
like The Lost Digit, 3 Acrobats, Psychic Bridge, magic squares, triangles, cubes, circles, other 


i ily found el here. Edited by J. S. Meyer. 76 illustrations. 128pp. 5% x 8. 
material not easily found elsew i y y tee hore racic 


LEARN CHESS FROM THE MASTERS, Fred Reinfeld. Improve your chess, rate your improvement, 
by playing against Marshall, Znosko-Borovsky, Bronstein, Najdorf, others. Formerly titled 
CHESS BY YOURSELF, this book contains 10 games in which you move against masters, and 
grade your moves by an easy system. Games selected for interest, clarity, easy principles; 
illustrate common openings, both classical and modern. Ratings for 114 extra playing situations 


i isen. Full tations. 91 diagrams. viii + 144pp. 5%ex 8. 
that might have arisen ull annotations g 1465 Bomamctiod 41°00 


THE COMPLETE NONSENSE OF EDWARD LEAR. Original text & illustrations of all Lear's non- 
sense books: A BOOK OF NONSENSE, NONSENSE SONGS, MORE NONSENSE SONGS, LAUGH- 
ABLE LYRICS, NONSENSE SONGS AND STORIES. Only complete edition available at popular 
price. Old favorites such as The Dong With a Luminous Nose, hundreds of other delightful bits 
of nonsense for children & adults. 214 different limericks, each illustrated by Lear; 3 different 
sets of Nonsense Botany; 5 Nonsense Alphabets; many others. 546 illustrations. 320pp. 5%, x 8. 

T167 Paperbound $1.00 


CRYPTOGRAPHY, D. Smith. Excellent elementary introduction to enciphering, deciphering secret 
writing. Explains transposition, substitution ciphers; codes; solutions. Geometrical patterns, 
route transcription, columnar transposition, other methods. Mixed cipher systems; single-alphabet, 
polyalphabetical substitution; mechanical devices; Vigenere system, etc. Enciphering Japanese; 
explanation of Baconian Biliteral cipher frequency tables. More than 150 problems provide 
practical application. Bibliography. Index. 164pp. 5% x 8. T1247 Paperbound $1.00 


MATHEMATICAL EXCURSIONS, Helen A. Merrill. Fun, recreation, insights into elementary prob- 
lem-solving. A mathematical expert guides you along by-paths not generally travelled in ele- 
mentary math courses—how to divide by inspection, Russian peasant system of multiplication; 
memory systems for pi; building odd and even magic squares; dyadic systems; facts about 37; 
square roots by geometry; Tchebichev’s machine; drawing five-sided figures; dozens more. 
Solutions to more difficult ones. 50 illustrations. 145pp. 5% x 8. T350 Paperbound $1.00 


MATHEMATICAL RECREATIONS, M. Kraitchik. Some 250 puzzles, problems, demonstrations of 
recreational mathematics for beginners & advanced mathematicians. Unusual historical problems 
from Greek, Medieval, Arabic, Hindu sources; modern problems based on ‘‘mathematics without 
numbers,'' geometry, topology, arithmetic, etc. Pastimes derived from figurative numbers, Mer- 
senne numbers, Fermat numbers; fairy chess, latruncles, reversi, many other topics. Full solutions. 
Excellent for insights into specia! fields of math. 181 illustrations. 330pp. 5%, x 8. 

T163 Paperbound $1.75 


MATHEMATICAL PUZZLES FOR BEGINNERS AND ENTHUSIASTS, G. Mott-Smith. 188 mathematical 
puzzles to test mental agility. Inference, interpretation, algebra, dissection of plane figures, 
geometry, properties of numbers, decimation, permutations, probability, all enter these delightful 
problems. Puzzles like the Odic Force, How to Draw an Ellipse, Spider's Cousin, more than 
180 others. Detailed solutions. Appendix with square roots, triangular numbers, primes, etc. 
135 illustrations. 2nd revised edition. 248pp. 5% x 8. T198 Paperbound $1.00 


NEW WORD PUZZLES, Gerald L. Kaufman. Contains 100 brand new challenging puzzles based 
on words and their combinations, never published before in any form. Most are new types 
invented by the author—for beginners or experts. Chess word puzzles, addle letter anagrams, 
double word squares, double horizontals, alphagram puzzles, dual acrostigrams, linkogram 
lapwords—plus 8 other brand new types, all with solutions included. 196 figures. 100 brand 
new puzzles. vi + 122pp. 5% x 8. 1344 Paperbound $1.00 


MATHEMATICS, MAGIC AND MYSTERY, Martin Gardner. Card tricks, feats of mental mathe- 
matics, stage mind-reading, other ‘'magic’’ explained as applications of probability, sets, theory 
of numbers, topology, various branches of mathematics. Creative examination of laws and their 


application, with sources of new tricks and insights. 115 sections discuss tricks with cards, 
dice, coins; geometrical vanishing tricks, dozens of others. No sleight of hand needed; mathe- 
matics guarantees success. 115 illustrations. xii + 174pp. 5% x 8. T1335 Paperbound $1.00 


MATHEMATICS ELEMENTARY TO INTERMEDIATE 


HOW TO CALCULATE QUICKLY, Henry Sticker. This handy volume offers a tried and true method 
for helping you in the basic mathematics of daily life—addition, subtraction, multiplication, di- 
vision, fractions, etc. It is designed to awaken your ‘‘number sense’’ or the ability to see rela- 
tionships between numbers as whole quantities. It is mot a collection of tricks working only on 
special numbers, but a serious course of over 9,000 problems and their solutions, teaching 
special techniques not taught in schools: left-to-right multiplication, new fast ways of division 
etc. 5 or 10 minutes daily use will double or triple your calculation speed. Excellent for the 
scientific worker who is at home in higher math, but is not satisfied with his speed and accuracy 
in lower mathematics. 256pp. 5x7'%. 1295 Paperbound $1.00 


FAMOUS PROBLEMS OF ELEMENTARY GEOMETRY, Felix Klein. Expanded version of the 1894 
Easter lectures at Gottingen. 3 problems of classical geometry: squaring circle, trisecting angle 
doubling cube, considered with full modern implications: transcendental numbers, pi, etc. Notes 
by R. Archibald. 16 figures. xi + 92pp. 5% x 8. T348 Clothbound $1.50 

7298 Paperbound $1.00 


HIGHER MATHEMATICS FOR STUDENTS OF CHEMISTRY AND PHYSICS, J. W. Mellor. Not abstract 
but practical, building its problems out of familiar laboratory material, this covers differential 
calculus, coordinate, analytical geometry, functions, integral calculus, infinite series, numerical 
equations, differential equations, Fourier's theorem, probability, theory of errors ‘calculus of 
variations, determinants. “‘If the reader is not familiar with this book, it will repay him to 
examine it,’’ CHEM. & ENGINEERING NEWS. 800 problems, 189 figures. Bibliography. xxi 


+ 64Ipp. 5% x 8. §193 Paperbound $2.00 


TRIGONOMETRY REFRESHER FOR TECHNICAL MEN, A. Albert Klaf. 913 detailed questions and 
answers cover the most important aspects of plane and spherical trigonometry. They will help 
you to brush up or to clear up difficulties in special areas.—The first portion of this book covers 
plane trigonometry, including angles, quadrants, trigonometrical functions, graphical representa- 
tion, interpolation, equations, logarithms, solution of triangle, use of the slide rule and similar 
topics-188 pages then discuss application of plane trigonometry to special problems in naviga- 
tion, surveying, elasticity, architecture, and various fields of engineering. Small angles, periodic 
functions, vectors, polar coordinates, De Moivre's theorem are fully examined—tThe third section 
of the book then discusses spherical trigonometry and the solution of spherical triangles, with 
their applications to terrestrial and astronomical problems. Methods of saving time with nu- 
merical calculations, simplification of principal functions of angle, much practical information 
make this a most useful book—913 questions answered. 1738 problems, answers to odd num- 
bers. 494 figures. 24 pages of useful formulae, functions. Index. x + 629pp. 5%, x 8. 
1371 Paperbound $2.00 


CALCULUS REFRESHER FOR TECHNICAL MEN, A. Albert Klaf. This book is unique in English as 
a refresher for engineers, technicians, students who either wish to brush up their calculus or 
to clear up uncertainties. It is not an ordinary text, but an examination of most important 
aspects of integral and differential calculus in terms of the 756 questions most likely to occur 
to the technical reader. The first part of this book covers simple differential calculus, with con- 
stants, variables, functions, increments, derivatives, differentiation, logarithms, curvature of 
curves, and similar topics—The second part covers fundamental ideas of integration, inspection, 
substitution, transformation, reduction, areas and volumes, mean value, successive and partial 
integration, double and triple integration. Practical aspects are stressed rather than theoretical. 
A 50-page section illustrates the application of calculus to specific problems of civil and nautical 
engineering, electricity, stress and strain, elasticity, industrial engineering, and similar fields. — 
756 questions answered. 566 problems, mostly answered. 36 pages of useful constants, for- 
mulae for ready reference. Index. v + 43lpp. 5% x 8. 1370 Paperbound $2.00 


MONOGRAPHS ON TOPICS OF MODERN MATHEMATICS, edited by J. W. A. Young. Advanced 
mathematics for persons who haven't gone beyond or have forgotten high school algebra. 9 
monographs on foundation of geometry, modern pure geometry, non-Euclidean geometry, fun- 
damental propositions of algebra, algebraic equations, functions, calculus, theory of numbers, 
etc. Each monograph gives proofs of important results, and descriptions of leading methods, to 
provide wide coverage. New introduction by Prof. M. Kline, N. Y. University. 100 diagrams. 
xvi + 416pp. 6% x9%. S289 Paperbound $2.00 


MATHEMATICS: INTERMEDIATE TO ADVANCED 


INTRODUCTION TO THE THEORY OF FOURIER’S SERIES AND INTEGRALS, H. S. Carslaw. 3rd 
revised edition. This excellent introduction is an outgrowth of the author's courses at Cambridge. 
Historical introduction, rational and irrational numbers, infinite sequences and series, functions 
of a single variable, definite integral, Fourier series, Fourier integrals, and similar topics. 
Appendixes discuss practical harmonic analysis, periodogram analysis, Lebesgues theory. Indexes. 
84 examples, bibliography. xiii + 368 pp. 5% x8. S48 Paperbound $2.00 


INTRODUCTION TO THE THEORY OF NUMBERS, L. E. Dickson. Thorough, comprehensive approach 
with adequate coverage of classical literature, an introductory volume beginners can follow. 
Chapters on divisibility, congruences, quadratic residues & reciprocity, Diophantine equations, etc. 
Full treatment of binary quadratic forms without usual restriction to integral coefficients. Covers 
infinitude of primes, least residues, Fermat's theorem, Euler's phi function, Legendre's symbol, 
Gauss's lemma, automorphs, reduced forms, recent theorems of Thue & Siegel, many more. 


Much material not readily available elsewhere. 239 problems. Index. 1 figure. viii 4+- 183pp. 
5%, x 8. $342 Paperbound $1.65 


MECHANICS VIA THE CALCULUS, P. W. Norris, W. S. Legge. Covers almost everything from 
linear motion to vector analysis: equations determining motion, linear methods, compounding of 
simple harmonic motions, Newton's laws of motion, Hooke's law, the simple pendulum, motion 


of a particle in 1 plane, centers of gravity, virtual work, friction, kinetic energy of rotating 
bodies, equilibrium of strings, hydrostatics, sheering stresses, elasticity, etc. 550 problems. 3rd 
revised edition. xii + 367pp. $207 Clothbound $3.95 


NON-EUCLIDEAN GEOMETRY, Roberto Bonola. The standard coverage of non-Euclidean geometry. 
It examines from both a historical and mathematical point of view the geometries which have 
arisen from a study of Euclid’s 5th postulate upon parallel lines. Also included are complete 
texts, translated, of Bolyai's THEORY OF ABSOLUTE SPACE, Lobachevsky’s THEORY OF PARALLELS. 
180 diagrams. 43lpp. 5% x 8. $27 Paperbound $1.95 


ELEMENTS OF THE THEORY OF REAL FUNCTIONS, J. E. Littlewood. Based on lectures given at 
Trinity College, Cambridge, this book has proved to be extremely successful in introducing 
graduate students to the modern theory of functions. It offers a full and concise coverage of 
classes and cardinal numbers, well-ordered series, other types of series, and elements of the 


theory of sets of points. 3rd revised edition. vii + 7]pp. 5% x 8. $171 Clothbound $2.85 
$172 Paperbound $1.25 


THE CONTINUUM AND OTHER TYPES OF SER!AL ORDER, E. V. Huntington. This famous book 
gives a systematic elementary account of the modern history of the continuum as a type of 
serial order. Based on the Cantor-Dedekind ordinal theory, which requires no technical knowledge 
of higher mathematics, it offers an easily followed analysis of ordered classes, discrete and 
dense series, continuous series, Cantor's transfinite numbers. 2nd edition. Index. viii ++ 82pp. 
5%, x 8. $129 Clothbound $2.75 

$130 Paperbound $1.00 


GEOMETRY OF FOUR DIMENSIONS, H. P. Manning. Unique in English as a clear, concise intro- 
duction. Treatment is synthetic, and mostly Euclidean, although in hyperplanes and hyperspheres 
at infinity, non-Euclidean geometry is used. Historical introduction. Foundations of 4-dimensional 
geometry. Perpendicularity, simple angles. Angles of planes, higher order. Symmetry, order, 
motion; hyperpyramids, Lee ss sas aia ENS with peice yee Hh ark hyper- 
i ; ular roids. ossary. igures. ix 5 , x 8. 

SI a i eg Sd i i Sra Clothbound $3.95 

$182 Paperbound $1.95 


VECTOR AND TENSOR ANALYSIS, G. E. Hay. One of the clearest introductions to this increasingly 
important subject. Start with simple definitions, finish the book with a sure mastery of oriented 
Cartesian vectors, Christoffel symbols, solenoidal tensors, and their applications. Complete break- 
down of plane, solid, analytical, differential geometry. Separate chapters on application. All 
fundamental formulae listed & demonstrated. 195 problems, 66 figures. viii + 193pp. 5% x 8. 

$109 Paperbound $1.75 


INTRODUCTION TO THE DIFFERENTIAL EQUATIONS OF PHYSICS, L. Hopf. Especially valuable 
to the engineer with no math beyond elementary calculus. Emphasizing intuitive rather than 
formal aspects of concepts, the author covers an extensive territory. Partial contents: Law of 
causality, energy theorem, damped oscillations, coupling by friction, cylindrical and spherical 
coordinates, heat source, etc. Index. 48 figures. l160pp. 5% x 8. §120 Paperbound $1.25 


INTRODUCTION TO THE THEORY OF GROUPS OF FINITE ORDER, R. Carmichael. Examines funda- 
mental theorems and their application. Beginning with sets, systems, permutations, etc., it 
progresses in easy stages through important types of groups: Abelian, prime power, permutation, 
etc. Except 1 chapter where matrices are desirable, no higher math needed. 783 exercises, 
problems. Index. xvi + 447pp. 5% x 8. $299 Clothbound $3.95 

S300 Paperbound $2.00 


THEORY OF GROUPS OF FINITE ORDER, W. Burnside. First published some 40 years ago, this is 
still one of the clearest introductory texts. Partial contents: permutations, groups independent 
of representation, composition series of a group, isomorphism of a group with itself, Abelian 
groups, prime power groups, permutation groups, invariants of groups of linear substitution, 
graphical representation, etc. 45pp. of notes. Indexes. xxiv + 512pp. 5% x 8. 

S38 Paperbound $2.45 


INFINITE SEQUENCES AND SERIES, Konrad Knopp. First publication in any language! Excellent 
introduction to 2 topics of modern mathematics, designed to give the student background to 
penetrate farther by himself. Sequences & sets, real & complex numbers, etc. Functions of a 
real & complex variable. Sequences & series. Infinite series. Convergent power series. Expansion 
of elementary functions. Numerical evaluation of series. Bibliography. v + 186pp. 5% x 8. 

$152 Clothbound $3.50 

$153 Paperbound $1.75 


THEORY OF SETS, E. Kamke. Clearest, amplest introduction in English, well suited for independent 
study. Subdivisions of main theory, such as theory of sets of points, are discussed, but emphasis 
is on general theory. Partial contents: rudiments of set theory, arbitrary sets and their cardinal 
numbers, ordered sets and their order types, well-ordered sets and their ordinal numbers. 
Bibliography. Key to symbols. Index. vii + 144pp. 5% x 8. $141 Paperbound $1.35 


ELEMENTS OF NUMBER THEORY, |. M. Vinogradov. Detailed Ist course for persons without 
advanced mathematics; 95% of this book can be understood by readers who have gone no 
farther than high school algebra. Partial contents: divisibility theory, important number theoretical 
functions, congruences, primitive roots and indices, etc. Solutions to both problems and exercises. 
Tables of primes, indices, etc. Covers almost every essential formula in elementary number 
theory! 233 problems, 104 exercises. viii + 227pp. 5% x 8. S259 Paperbound $1.60 


FIVE VOLUME ‘‘THEORY OF FUNCTIONS’’ SET BY KONRAD KNOPP. This five-volume set, prepared 
by Konrad Knopp, provides a complete and readily followed account of theory of functions. 
Proofs are given concisely, yet without sacrifice of completeness or rigor. These volumes are 
used as texts by such universities as M.I.T., University of Chicago, N. Y. City College, and many 


others. ‘Excellent introduction... remarkably readable, concise, clear, rigorous,’' JOURNAL 
OF THE AMERICAN STATISTICAL ASSOCIATION. 


ELEMENTS OF THE THEORY OF FUNCTIONS, Konrad Knopp. This book, provides the student with 
background for further volumes in this set, or texts on a similar level.” Partial contents: Founda- 
tions, system of complex numbers and the Gaussian plane of numbers, Riemann sphere of numbers, 
mapping by linear functions, normal forms, the logarithm, the cyclometric functions and binomial 
series. ‘'Not only for the young student, but also for the student who knows all about what is 
in it,'’ MATHEMATICAL JOURNAL. Bibliography. Index. 140pp. 5% x 8. $154 Paperbound $1.35 


THEORY OF FUNCTIONS, PART I., Konrad Knopp. With volume Il, this book provides coverage 
of basic concepts and theorems. Partial contents: numbers and points, functions of a complex 
variable, integral of a continuous function, Cauchy's integral theorem, Cauchy's integral formulae 
series with variable terms, expansion of analytic functions in power series, analytic continuation 
and complete definition of analytic functions, entire transcendental functions, Laurent expansion 
types of singularities. Bibliography. Index. vii + 146pp. 5%, x 8. $156 Paperbound $1.35 


THEORY OF FUNCTIONS, PART II., Konrad Knopp. Application and further development of general 
theory, special topics. Single valued functions: entire, Weierstrass. Meromorphic functions: 
Mittag-Leffler. Periodic functions. Multiple-valued functions. Riemann surfaces. Algebraic func- 
tions. Analytical configuration, Riemann surface. Bibliography. Index. x + 150pp. 5% x 8. 

$157 Paperbound $1.35 


PROBLEM BOOK IN THE THEORY OF FUNCTIONS, VOLUME 1., Konrad Knopp. Problems in 
elementary theory, for use with Knopp'’s THEORY OF FUNCTIONS, or any other text, arranged 
according to increasing difficulty. Fundamental concepts, sequences of numbers and _ infinite 
series, complex variable, integral theorems, development in series, conformal mapping. Answers. 
viii + 126pp. 5% x 8. $158 Paperbound $1.35 


PROBLEM BOOK IN THE THEORY OF FUNCTIONS, VOLUME 2, Konrad Knopp. Advanced theory 
of functions, to be used either with Knopp's THEORY OF FUNCTIONS, or any other comparable 
text. Singularities, entire & meromorphic functions, periodic, analytic, continuation, multiple- 
valued functions, Riemann surfaces, conformal mapping. Includes a_ section of additional 
elementary problems. ‘‘The difficult task of selecting from the immense material of the modern 
theory of functions the problems just within the reach of the beginner is here masterfully 
accomplished,’" AM. MATH. SOC. Answers. 138pp. 5% x 8. $159 Paperbound $1.35 


SYMBOLIC LOGIC 


AN INTRODUCTION TO SYMBOLIC LOGIC, Susanne K. Langer. Probably the clearest book ever 
written on symbolic logic for the philosopher, general scientist and layman. It will be particularly 
appreciated by those who have been rebuffed by other introductory works because of insufticient 
mathematical training. No special knowledge of mathematics is required. Starting with the 
simplest symbols and conventions, you are led to a remarkable grasp of the Boole-Schroeder and 
Russell-Whitehead systems clearly and quickly. PARTIAL CONTENTS: Study of forms, Essentials: of 
logical structure, Generalization, Classes, The deductive system of classes, The algebra of logic, 
Abstraction of interpretation, Calculus of propositions, Assumptions of PRINCIPIA MATHEMATICA, 
Logistics, Logic of the syllogism, Proofs of theorems. ‘‘One of the clearest and simplest intro- 
ductions to a subject which is very much alive. The style is easy, symbolism is introduced 
gradually, and the intelligent non-mathematican should have no difficulty in following argument,'' 
MATHEMATICS GAZETTE. Revised, expanded second edition. Truth-value tables. 368pp. 5% x 8. 

$164 Paperbound $1.75 


THE ELEMENTS OF MATHEMATICAL LOGIC, Paul Rosenbloom. FIRST PUBLICATION IN ANY 
LANGUAGE. This book is intended for readers who are mature mathematically, but have no 
previous training in symbolic logic. It does not limit itself to a single system, but covers the 
field as a whole. It is a development of lectures given at Lund University, Sweden in 1948. 
Partial contents: Logic of classes, fundamental theorems, Boolean algebra, logic of propositions, 
logic of propositional functions, expressive languages, combinatory logics, development of mathe- 
matics within an object language, paradoxes, theorems of Post and Goedel, Church's theorem, and 
similar topics. iv + 214pp. 5% x 8. $277 Paperbound $1.45 


THE LAWS OF THOUGHT, George Boole. This book founded symbolic logic some hundred years 
ago. It is the Ist significant attempt to apply logic to all aspects of human endeavour. Partial 
contents: derivation of laws, signs & laws, interpretations, eliminations, conditions ot a perfect 
method, analysis, Aristotelian logic, probability, and similar topics. xviii -+ 424pp. 5% x 8. 
$28 Paperbound $2.00 

ELEMENTARY MATHEMATICS FROM AN 

ADVANCED STANDPOINT, Felix Klein. 


This classic text is an outgrowth of Klein's famous integration and survey course at Gottingen. 
Using one field of mathematics to interpret, adjust, illuminate another, it covers basic topics in 


each area, illustrating its discussion with extensive analysis. It is especially valuable in consid- 
ering areas of modern mathematics. ‘‘'Makes the reader feel the inspiration of . .. a great 
mathematician, inspiring teacher . . . with deep insight into the foundations and interrelations, 


BULLETIN, AMERICAN MATHEMATICAL SOCIETY. 


Vol. 1. ARITHMETIC, ALGEBRA, ANALYSIS. Introducing the concept of function immediately, it 
enlivens abstract discussion with graphical and geometrically perceptual methods. Partial contents: 
natural numbers, extension of the notion of number, special properties, complex numbers. Real 
equations with real unknowns, complex quantities. Logarithmic, exponential functions, goniometric 
functions, infinitesimal calculus. Transcendence of e and pi, theory of assemblages. Index. 125 
figures. ix + 247pp. 5% x 8. $150 Paperbound $1.75 


Vol. 2. GEOMETRY. A comprehensive view which accompanies the space perception inherent in 
geometry with analytic formulas which facilitate precise formulation. Partial contents: Simplest 
geometric manifolds: line segment, Grassmann determinant principles, classification of configura- 
tions of space, derivative manifolds. Geometric transformations: affine transformations, projective, 
higher point transformations, theory of the imaginary. Systematic discussion of geometry and its 
foundations. Indexes. 141 illustrations. ix -—- 214pp. 5% x 8. $151 Paperbound $1.75 


MATHEMATICS: ADVANCED 


ALMOST PERIODIC FUNCTIONS, A. S. Besicovitch. This unique and important summary by a 
well-known mathematician covers in detail the two stages of development in Bohr's theory of 


almost periodic functions: (1) as a generalization of pure periodicity, with results and proofs; 
(2) the work done by Stepanoff, Wiener, Weyl, and Bohr in generalizing the theory. Bibliography. 
xi + 180pp. 5% x 8. $17 Clothbound $3.50 


$18 Paperbound $1.75 


LECTURES ON THE ICOSAHEDRON AND THE SOLUTION OF EQUATIONS OF THE FIFTH DEGREE, 
Felix Klein. The solution of quintics in terms of rotations of a regular icosahedron around its 
axes of symmetry. A classic & indispensable source for those interested in higher algebra, 
geometry, crystallography. Considerable explanatory material included. 230 footnotes, mostly 
bibliographic. 2nd edition, xvi + 289pp. 5% x 8. $314 Paperbound $1.85 


LINEAR INTEGRAL EQUATIONS, W. V. Lovitt. Systematic survey of general theory, with some 
application to differential equations, calculus of variations problems of math, physics. Partial 
contents: integral equations of 2nd kind by successive substitutions; Fredholm's equation as ratio 
of 2 integral series in lambda, applications of the Fredholm theory, Hilbert-Schmidt theory of 
symmetric kernels, application, etc. Neumann, Dirichlet, vibratory problems. Index. ix + 253pp. 
5%, x 8. $175 Clothbound $3.50 

$176 Paperbound $1.60 


MATHEMATICAL FOUNDATIONS OF STATISTICAL MECHANICS, A. I. Khinchin. Offering a precise 
and rigorous formulation of problems, this book supplies a thorough and up-to-date exposition. 
It provides analytical tools needed to replace cumbersome concepts, and furnishes for the first 
time a logical step-by-step introduction to the subject. Partial contents: geometry & kinematics 
of the phase space, ergodic problem, reduction to theory of probability, application of central 
limit problem, ideal monatomic gas, foundation of thermodynamics, dispersion and distributions 
of sum functions. Key to notations. Index. xiii + 179pp. 5% x 8. $146 Clothbound $2.95 

6147 Paperbound $1.35 


ORDINARY DIFFERENTIAL EQUATIONS, E. L. Ince. A most compendious analysis in real and 
complex domains. Existence and nature of solutions, continuous transformation groups, solutions 
in an infinite form, definite integrals, algebraic theory, Sturmian theory, boundary problems, 


existence theorems, Ist order, higher order, etc. ‘‘Deserves the highest praise, a notable addition 
to mathematical literature,"' BULLETIN, AM. MATH. SOC. Historical appendix. Bibliography. 
18 figures. viii + 558pp. 5% x 8. $349 Paperbound $2.55 


TRIGONOMETRICAL SERIES, Antoni Zygmund. Unique in any language on modern advanced level. 
Contains carefully organized analyses of trigonometric, orthogonal, Fourier systems of functions, 
with clear adequate descriptions of summability of Fourier series, proximation theory, conjugate 
series, convergence, divergence of Fourier series. Especially valuable for Russian, Eastern European 
coverage. Bibliography. 329pp. 5%, x 8. $290 Paperbound $1.50 


e 
FOUNDATIONS OF POTENTIAL THEORY, O. D. Kellogg. Based on courses given at Harvard this 
is suitable for both advanced and beginning mathematicians. Proofs are rigorous, and much 
material not generally available elsewhere is included. Partial contents: forces of gravity, fields 
of force, divergence theorem, properties of Newtonian potentials at points of free space, potentials 
as solutions of Laplace’s equations, harmonic functions, electrostatics, electric images, logarithmic 
potential, etc. ix + 384pp. 5% x 8. $144 Paperbound $1.98 


LECTURES ON CAUCHY’S PROBLEMS, J. Hadamard. Based on lectures given at Columbia and 
Rome, this discusses work of Riemann, Kirchhoff, Volterra, and the author's own research on the 
hyperbolic case in linear partial differential equations. It extends spherical and cylindrical waves 
to apply to all (normal) hyperbolic equations. Partial contents: Cauchy's problem, fundamental 
formula, equations with odd number, with even number of independent variables; method of 
descent. 32 figures. Index. iii + 361pp. 5% x 8. $105 Paperbound $1.75 


MATHEMATICAL PHYSICS, STATISTICS 


THE MATHEMATICAL THEORY OF ELASTICITY, A. E. H. Love. A wealth of practical illustration 
combined with thorough discussion of fundamentals—theory, application, special problems and 
solutions. Partial contents: Analysis of Strain & Stress, Elasticity of Solid Bodies, Isotropic Elastic 
Solids, Equilibrium of Aeolotropic Elastic Solids, Elasticity of Crystals, Vibration of Spheres, 
Cylinders, Propagation of Waves in Elastic Solid Media, Torsion, Theory of Continuous Beams, 
Pctes, Rigoreys treatment ch oretra s ineohy at dislocations, 2-dimensional elastic systems, other 
opics of modern interest. or years the standard treatise on elasticity,'’ AMERICAN MATHE- 
MATICAL MONTHLY. 4th revised edition. Index. 76 figures. xviii ++ 243pp. 6% x 9%. 

§174 Paperbound $2.95 


TABLES OF FUNCTIONS WITH FORMULAE AND CURVES, E. Jahnke & F. Emde. The world's most 
comprehensive 1-volume English-text collection of tables, formulae, curves of transcendent functions. 
4th corrected edition, new 76-page section giving tables, formulae for elementary functions—not 
in other English editions. Partial contents: sine, cosine, logarithmic integral; factorial function; 
error integral; theta functions; elliptic integrals, functions; Legendre, Bessel, Riemann Mathieu, 
hypergeometric functions, etc. Supplementary books. Bibliography. Indexed. ‘'Out of the way 
functions for which we know no other source,'' SCIENTIFIC COMPUTING SERVICE, Ltd. 212 figures. 
A0Opp. 5% x 8. $133 Paperbound $2.00 


PRACTICAL ANALYSIS, GRAPHICAL AND NUMERICAL METHODS, F. A. Willers. Translated by 
R. T. Beyer. Immensely practical handbook for engineers, showing how to interpolate, use various 
methods of numerical differentiation and integration, determine the roots of a single algebraic 
equation, system of linear equations, use empirical formulas, integrate differential equations, etc. 
Hundreds of shortcuts for arriving at numerical solutions. Special section on American calculating 
machines, by T. W. Simpson. 132 illustrations. 422pp. 5% x 8. $273 Paperbound $2.00 


DICTIONARY OF CONFORMAL REPRESENTATIONS, H. Kober. Laplace's equation in 2 dimensions 
solved in this unique book developed by the British Admiralty. Scores of geometrical forms & 
their transformations for electrical engineers, Joukowski aerofoil for aerodynamists, Schwartz- 
Christoffel tronsformations for hydrodynamics, transcendental functions. Contents classified -accord- 
ing to analytical functions describing transformation. Twin diagrams show curves of most trans- 
formations with corresponding regions. Glossary. Topological index. 447 diagrams. 244pp. 
6a x9. $160 Paperbound $2.00 


FREQUENCY CURVES AND CORRELATION, W. P. Elderton. 4th revised edition of a standard work 
covering classical statistics. It is practical in approach, and one of the books most frequently 
referred to for clear presentation of basic material. Partial contents. Frequency distributions. 
Method of moment. Pearson's frequency curves. Correlation. Theoretical distributions, spurious 
correlation. Correlation of characters not quantitatively measurable. Standard errors. Test of 
goodness of fit. The correlation ratio—contingency. Partial correlation. Corrections for moments, 
beta and gamma functions, etc. Key to terms, symbols. Bibliography. 25 examples in text. 
40 useful tables. 16 figures. xi + 272pp. 5% x 8%). Clothbound $1.49 


HYDRODYNAMICS, H. Dryden, F. Murnaghan, Harry Bateman. Published by the National Research 
Council in 1932 this enormous volume offers a complete coverage of classical hydrodynamics. 
Encyclopedic in quality. Partial contents: physics of fluids, motion, turbulent flow, compressible 
fluids, motion in 1, 2, 3 dimensions; viscous fluids rotating, laminar motion, resistance of motion 
through viscous fluid, eddy viscosity, hydraulic flow in channels of various shapes, discharge of 
gases, flow past obstacles, etc. Bibliography of over 2,900 items. Indexes. 23 figures. 634pp. 
53/6 x18. S303 Paperbound $2.75 


HYDAODYNAMICS, A STUDY OF LOGIC, FACT, AND SIMILITUDE, Garrett Birkhoff. A stimulating 
appli-ation of pure mathematics to an applied problem. Emphasis is placed upon correlation of 
thecry and deduction with experiment. It examines carefully recently discovered paradoxes, 
theory of modelling and dimensional analysis, paradox & error in flows and free boundary theory. 
The author derives the classical theory of virtual mass from homogeneous spaces, and applies 
group theory to fluid mechanics. Index. Bibliography. 20 figures, 3 plates. xiii + 186pp. 5%, x 8. 

$21 Clothbound $3.50 

$22 Paperbound $1.85 


HYDRODYNAMICS, Horace Lamb. Internationally famous complete coverage of standard reference 
work on dynamics of liquids & gases. Fundamental theorems, equations, methods, solutions, 
background, for classical hydrodynamics. Chapters include Equations of Motion, Integration of 
Equations in Special Gases, Irrotational Motion, Motion of Liquid in 2 Dimensions, Motion of 
Solids through Liquid—Dynamical Theory, Vortex Motion, Tidal Waves, Surface Waves, Waves of 
Expansion, Viscosity, Rotating Masses of Liquids. Excellently planned, arranged; clear, lucid 
presentation. 6th enlarged, revised edition. Index. Over 900 footnotes, mostly bibliographical. 
119 figures. xv + 738pp. 6% x 9%. $256 Paperbound $2.95 


INTRODUCTION TO RELAXATION METHODS, F. S. Shaw. Fluid mechanics, design of electrical 
networks, forces in structural frameworks, stress distribution, buckling, etc. Solve linear simul- 
taneous equations, linear ordinary differential equations, partial differential equations, Eigenvalue 
problems by relaxation methods. Detailed examples throughout. Special tables for dealing with 


awkwardly-shaped boundaries. Indexes. 253 diagrams. 72 tables. 400pp. 5% x 8. 
S244 Paperbound $2.45 


PARTIAL DIFFERENTIAL EQUATIONS OF MATHEMATICAL PHYSICS, A. G. Webster. A keystone 
work in the library of every mature physicist, engineer, researcher. Valuable sections on elasticity, 
compression theory, potential theory, theory of sound, heat conduction, wave propagation, 
vibration theory. Contents include: deduction of differential equations, vibrations, normal func- 
tions, Fourier's series, Cauchy's method, boundary problems, method of Riemann-Volterra. 
Spherical, cylindrical, ellipsoidal harmonics, applications, etc. 97 figures. vii + 440pp. 5%, x 8. 

$263 Paperbound $1.98 


THE THEORY OF GROUPS AND QUANTUM MECHANICS, H. Weyl. Discussions of Schroedinger's 
wave equation, de Broglie’s waves of a particle, Jordon-Hoelder theorem, Lie’s continuous groups 
of transformations, Pauli exclusion principle, quantization of Maxwell-Dirac field equations, etc. 
symmetry permutation group, algebra of symmetric transformation, etc. 2nd revised edition. 
Unitary geometry, quantum theory, groups, application of groups to quantum mechanics, symmetry 
permutation group, algebra of symmetric transformation, etc. 2nd revised edition. Bibliography. 


Index. xxii -— 422pp. 5% x 8. $268 Clothbound $4.50 
$269 Paperbound $1.95 


PARTIAL DIFFERENTIAL EQUATIONS OF MATHEMATICAL PHYSICS, Harry Bateman. Solution of 
boundary value problems by means of definite analytical expressions, with wide range of repre- 
sentative problems, full reference to contemporary literature, and new material by the author. 
Partial contents: classical equations, integral theorems of Green, Stokes; 2-dimensional problems; 
conformal representation; equations in 3 variables; polar coordinates; cylindrical, ellipsoidal, 
paraboloid, toroidal coordinates; non-linear equations, etc. ‘‘Must be in the hands of everyone 
interested in boundary value problems,’’ BULLETIN, AM. MATH. SOC. Indexes. 450 bibliographic 
footnotes. 175 examples. 29 illustrations. xxii + 552pp. 6x 9. $15 Clothbound $4.95 


NUMERICAL SOLUTIONS OF DIFFERENTIAL EQUATIONS, H. Levy & E. A. Baggott. Comprehensive 
collection of methods for solving ordinary differential equations of first and higher order. All 
must pass 2 requirements: easy to grasp and practical, more rapid than school methods. Partial 
contents: graphical integration of differential equations, graphical methods for detailed solution. 


Numerical solution. Simultaneous equations and equations of 2nd and higher orders. ‘Should 
be in the hands of all in research in applied mathematics, teaching,’’ NATURE. 21 figures. 
viii + 238pp. 5% x 8. $168 Paperbound $1.75 


ASYMPTOTIC EXPANSIONS, A. Erdélyi. The only modern work available in English, this is an 
unabridged reproduction of a monograph prepared for the Office of Naval Research. It discusses 
various procedures for asymptotic evaluation of integrals containing a large parameter and solu- 
tions of ordinary linear differential equations. Bibliography of 71 items. vi + 108pp. 5% x 8. 

$318 Paperbound $1.35 


THE FOURIER INTEGRAL AND CERTAIN OF ITS APPLICATIONS, Norbert Wiener. The only book- 
length study of the Fourier integral as link between pure and applied math. An expansion of 
lectures given at Cambridge. Partial contents: Planchere|’s theorem, general Tauberian theorem, 
special Tauberian theorms, generalized harmonic analysis. Bibliography. viii + 201pp. 5% x 8. 

$272 Clothbound $3.95 


THE THEORY OF SOUND, Lord Rayleigh. Most vibrating systems likely to be encountered in 
practice can be tackled successfully by the methods set forth by the great Noble laureate, Lord 
Rayleigh. Complete coverage of experimental, mathematical aspects of sound theory. Partial contents: 
Harmonic motions, vibrating systems in general, lateral vibrations of bars, curved plates or shells, 
applications of Laplace's functions to acoustical problems, fluid friction, plane vortex-sheet, 
vibrations of solid bodies, etc. This is the first inexpensive edition of this great reference and 
study work. Bibliography. Historical introduction by R. B. Lindsay. Total of 1040pp. 97 figures. 
5%, x8. $292, S293, Two volume set, paperbound $4.00 


ANALYSIS & DESIGN OF EXPERIMENTS, H. B. Mann. Offers a method for grasping the analysis 
of variance and variance design within a short time. Partial contents: Chi-square distribution 
and analysis of variance distribution, matrices, quadratic forms, likelihood ratio tests and tests 
of linear hypotheses, power of analysis, Galois fields, non-orthogonal data, interblock estimates, 
etc. 15pp. of useful tables. x + 195pp. 5x 7%. $180 Paperbound $1.45 


MATHEMATICAL ANALYSIS OF ELECTRICAL AND OPTICAL WAVE-MOTION, Harry Bateman. Written 
by one of this century's most distinguished mathematical physicists, this is a practical introduction 
to those developments of Maxwell's electromagnetic theory which are directly connected with the 
solution of the partial differential equation of wave motion. Methods of solving wave-equations, 
polar-cylindrical coordinates, diffraction, transformation of coordinates, homogeneous solutions, 
electromagnetic fields with moving singularities, etc. Index. l168pp. 5%, x 8. 


S14 Paperbound $1.60 


PHYSICAL PRINCIPLES OF THE QUANTUM THEORY, Werner Heisenberg. A Nobel laureate discusses 
quantum theory; Heisenberg’s own work, Compton, Schroedinger, Wilson, Einstein, many others. 
Written for physicists, chemists who are not specialists in quantum theory, only elementary 
formulae are considered in the text; there is a mathematical appendix for specialists. Profound 
without sacrifice of clarity. Translated by C. Eckart, F. Hoyt. 18 figures. 192pp. 5% x 8. 

$113 Paperbound $1.25 


FOUNDATIONS OF NUCLEAR PHYSICS, edited by R. T. Beyer. 13 of the most important papers 
on nuclear physics reproduced in facsimile in the original languages of their authors: the papers 
most often cited in footnotes, bibliographies. Anderson, Curie, Joliot, Chadwick, Fermi, Lawrence, 
»Cockcroft, Hahn, Yukawa. Unparalleled Bibliography: 122 double-columned pages, over 4,000 
articles, books, classified. 57 figures. 288pp. 6% x 9%. $19 Paperbound $1.75 


SELECTED PAPERS ON NOISE AND STOCHASTIC PROCESS, edited by Prof. Nelson Wax, U. of 
Illinois. 6 basic papers for newcomers in the field, for those whose work involves noise charac- 
teristics. Chandrasekhar, Uhlenbeck & Ornstein, Uhlenbeck & Ming, Rice, Doob. Included is Kac’s 
Chauvenet-Prize winning Random Walk. Extensive bibliography lists 200 articles; up through 1953. 
21 figures. 337pp. 6% x9%. $262 Paperbound $2.25 


THERMODYNAMICS, Enrico Fermi. Unabridged reproduction of 1937 edition. Elementary in 
treatment; remarkable for clarity, organization. Requires no knowledge of advanced math 
beyond calculus, only familiarity with fundamentals of thermometry, calorimetry. Partial Contents: 
Thermodynamic systems; First & Second laws of thermodynamics; Entropy; Thermodynamic poten- 
tials: phase rule, reversible electric cell; Gaseous reactions: Van't Hoff reaction box, principle of 
LeChatelier; Thermodynamics of dilute solutions:: osmotic & vapor pressure, boiling & freezing 
points; Entropy constant. Index. 25 problems, 24 illustrations. x ++ 160pp. 5% x 8. 


$361 Paperbound $1.75 


AN INTRODUCTION TO THE STUDY OF STELLAR STRUCTURE, Subrahmanyan Chandrasekhar. 
Outstanding treatise on stellar dynamics by one of world's greatest astrophysicists. Uses classical 
& modern math methods to examine relationship between loss of energy, the mass, and radius 
of stars in a_ steady state. Discusses thermodynamic laws from Caratheodory's axiomatic 
standpoint; adiabatic, polytropic laws; work of Ritter, Emden, Kelvin, others; Stroemgren 
envelopes as starter for theory of gaseous stars; Gibbs statistical mechanics (quantum); 
degenerate stellar configurations & theory of white dwarfs, etc. ‘Highest level of scientific merit 
BULLETIN, AMER. MATH. SOC. Bibliography. Appendixes. Index. 33 figures. mt 5% x 8. 
ou 


S413 Paperbound $2.75 


APPLIED OPTICS AND OPTICAL DESIGN, A. E. Conrady. Thorough, systematic presentation of 
physical & mathematical aspects, limited mostly to ‘'real optics.'' Stresses practical problem of 
maximum aberration permissible without affecting performance. All ordinary ray tracing methods; 
complete theory primary aberrations, enough higher aberration to design telescopes, low-powered 
microscopes, photographic equipment. Covers fundamental equations, extra-axial image points, 
transverse chromatic aberration, angular magnification, aplanatic optical systems, bending of 
lenses, oblique pencils, tolerances, secondary spectrum, spherical aberration (angular, longi- 
tudinal, transverse, zonal), thin lenses, dozens of similar topics. Index. Tables of functions of 
N. Over 150 diagrams. x-+518pp. 6% x 9%. $366 Paperbound $2.95 


SPACE-TIME-MATTER, Hermann Weyl. ‘'The standard treatise on the general theory of relativity," 
(Nature), written by a world-renowned scientists, provides a deep clear discussion of the logical 
coherence of the general theory, with introduction to all the mathematical tools needed: Maxwell, 
analytical geometry, non-Euclidean geometry, tensor calculus, etc. Basis is classical space-time, 
before absorption of relativity. Partial contents: Euclidean space, mathematical form, metrical 
continuum, relativity of time and space, general theory. 15 diagrams. Bibliography. New preface 
for this edition. xviii + 330pp. 5% x 8. $267 Paperbound $1.75 


RAYLEIGH’S PRINCIPLE AND ITS APPLICATION TO ENGINEERING, G. Temple & W. Bickley. 
Rayleigh’s principle developed to provide upper and lower estimates of true value of fundamental 
period of a vibrating system, or condition of stability of elastic systems. Illustrative examples; 
rigorous proofs in special chapters. Partial contents: Energy method of discussing vibrations, 
stability. Perturbation theory, whirling of uniform shafts. Criteria of elastic stability. Application 
of energy method. Vibrating system. Proof, accuracy, successive approximations, application of 
Rayleigh's principle. Synthetic theorems. Numerical, graphical methods. Equilibrium configura- 
tions, Ritz's method. Bibliography. Index. 22 figures. ix + 156pp. 5% x8. 


$307 Paperbound $1.50 
PHYSICS, ENGINEERING 


THEORY OF VIBRATIONS, N. W. Mclachlan. Based on an exceptionally successful graduate 
course given at Brown University, this discusses linear systems having 1 degree of freedom, forced 
vibrations of simple linear systems, vibration of flexible strings, transverse vibrations of bars and 
tubes, transverse vibration of circular plate, sound waves of finite amplitude, etc. Index. 
99 diagrams. 160pp. 5% x 8. $190 Paperbound $1.35 


WAVE PROPAGATION IN PERIODIC STRUCTURES, L. Brillouin. A general method and application 
to different problems: pure physics, such as scattering of X-rays of crystals, thermal vibration in 
crystal lattices, electronic motion in metals; and also problems of electrical engineering. Partial 
contents: elastic waves in 1-dimensional lattices of point masses. Propagation of waves along 
1-dimensional lattices. Energy flow. 2 dimensional, 3 dimensional lattices. Mathieu's equation. 
Matrices and propagation of waves along an electric line. Continuous electric lines. 131 illus- 
trations. Bibliography. Index. xii + 253pp. 5% x8. S34 Paperbound $1.85 


THE ELECTROMAGNETIC FIELD, Max Mason & Warren Weaver. Used constantly by graduate 
engineers. Vector methods exclusively: detailed treatment of electrostatics, expansion methods, 
with tables converting any quantity into absolute electromagnetic, absolute electrostatic, practical 
units. Discrete charges, ponderable bodies, Maxwell field equations, etc. Introduction. Indexes. 
4lépp. 5% x 8. $185 Paperbound $2.00 


APPLIED HYDRO- AND AEROMECHANICS by L. Prandtl and O. G. Tietjens. Presents, for the 
most part, methods which will be valuable to engineers. Covers flow in pipes, boundary layers, 
airfoil theory, entry conditions, turbulent flow in pipes and the boundary layer, determining 


drag from measurements of pressure and velocity, etc. ‘'Will be welcomed by all students of 
aerodynamics,’' NATURE. Unabridged, unaltered. Index. 226 figures. 28 photographic plates 
illustrating flow patterns. xvi + 3llpp. 5% x 8. $375 Paperbound $1.85 


FUNDAMENTALS OF HYDRO- AND AEROMECHANICS by L. Prandtl and O. G. Tietjens. The well- 
known standard work based upon Prandtl's unique insights and including original contributions 
of Tietjens. Wherever possible, hydrodynamic theory is referred to practical considerations in 
hydraulics with the view of unifying theory and experience through fundamental laws, Presenta- 
tion is exceedingly clear and, though primarily physical, proofs are rigorous and use vector 
analysis to a considerable extent. Translated by L. Rosenhead. 186 figures. Index. xvi 

270pp. 5% x 8. $374 Paperbound $1.85 


DYNAMICS OF A SYSTEM OF RIGID BODIES (Advanced Section), E. J. Routh. Revised 6th edition 
of a classic reference aid. Much of its material remains unique. Partial contents: moving axes, 
relative motion, oscillations about equilibrium, motion. Motion of a body under _no forces, 
any forces. Nature of motion given by linear equations and conditions of stability. Free, forced 
vibrations, constants of integration, calculus of finite differences, variations, procession and 


tation, ti of the moon, motion of string, chain, membranes. 64 figures. 498pp. 5% x 8. 
Demae Oe O nS) §229 Paperbound $2.35 


MECHANICS OF THE GYROSCOPE, THE DYNAMICS OF ROTATION, R. F. Deimel, Professor of 
Mechanical Engineering at Stevens Institute of Technology. Elementary general jreatment of 
dynamics of rotation, with special application of gyroscopic phenomena. No knowledge of vectors 
needed. Velocity of a moving curve, acceleration to a point, general equations of motion, 
gyroscopic horizon, free gyro, motion of discs, the dammed gyro, 103 similar topics. Exercises. 
75 figures. 208pp. 5% x 8. $66 Paperbound $1.65 


HE DESIGN OF FACTORIAL EXPERIMENTS, Tosio Kitagawa and Michiwo Mitome. 
Le erent aid for all applied mathematicians, physicists, chemists and biologists, this book 
contains tables for the design of factorial experiments. It covers Latin squares and cubes, 
factorial design, fractional replication in factorial design, factorial designs with split-plot con- 
founding, factorial designs confounded in quasi-Latin squares, lattice designs, balanced in- 
complete block designs, and Youden’s squares. New revised corrected edition, with explanatory 


notes. vii + 253pp. 7% x 10. S437 Clothbound $8.00 
NUMERICAL INTEGRATION OF DIFFERENTIAL EQUATIONS, Bennett, Milne & Bateman. Unabridged 
republication of original monograph prepared for National Research Council. New methods of 


intearation of differential equations developed by 3 leading mathematicians: THE INTERPOLA- 
TIONAL POLYNOMIAL and™ SUCCESSIVE APPROXIMATIONS by A. A. Bennett; STEP-BY-STEP 
METHODS OF INTEGRATION by W. W. Milne; METHODS FOR PARTIAL DIFFERENTIAL EQUATIONS 
by H. Bateman. Methods for partial differential equations, transition from difference equations 
to differential equations, solution of differential equations to non-integra! values of a parameter 
will interest mathematicians and physicists. 288 footnotes, mostly bibliographic; 235-item 
classified bibliography. 108pp. 5%, x 8. $305 Paperbound $1.35 


DESIGN AND USE OF INSTRUMENTS AND ACCURATE MECHANISM, T. N. Whitehead. For the 
instrument designer, engineer; how to combine necessary mathematical abstractions with inde- 
pendent observation of actual facts. Partial contents: instruments & their parts, theory of errors, 
systematic errors, probability, short period errors, erratic errors, design precision, kinematic semi- 
kinematic design, stiffness, planning of an instrument, human factor, etc. Index. 85 photos, 
diagrams. xii + 288pp. 5% x 8. $270 Paperbound $1.95 


CHEMISTRY AND PHYSICAL CHEMISTRY 


KINETIC THEORY OF LIQUIDS, J. Frenkel. Regarding the kinetic theory of liquids as a general- 
ization and extension of the theory of solid bodies, this volume covers all types of arrangements 
of solids, thermal displacements of atoms, interstitial atoms and ions, orientational and rotational 
motion of molecules, and transition between states of matter. Mathematical theory is developed 
close to the physical subject matter. 216 bibliographical footnotes. 55 figures. xi + 485pp. 
5%, x 8. $94 Clothbound $3.95 

S95 Paperbound $2.45 


THE PHASE RULE AND ITS APPLICATION, Alexander Findlay. Covering chemical phenomena of 
1, 2, 3, 4, and multiple component systems, this ‘‘standard work on the subject’’ (NATURE, 
London), has been completely revised and brought up to date by A. N. Campbell and N. O. 
Smith. Brand new material has been added on such matters as binary, tertiary liquid equilibria, 
solid solutions in ternary systems, quinary systems of salts and water. Completely revised to 
triangular coordinates in ternary systems, clarified graphic representation, solid models, etc. 
9th revised edition. Author, subject indexes. 236 figures. 506 footnotes, mostly bibliographic. 
XI —= 494pp. 5%, x 8. S92 Paperbound $2.45 


DYNAMICAL THEORY OF GASES, James Jeans. Divided into mathematical and physical chapters 
for the convenience of those not expert in mathematics, this volume discusses the mathematical 
theory of gas in a steady state, thermodynamics, Boltzmann and Maxwell, kinetic theory, quantum 
theory, exponentials, etc. 4th enlarged edition, with new material on quantum theory, quantum 
dynamics, etc. Indexes. 28 figures. 444pp. 6% x 9%. $136 Paperbound $2.45 


POLAR MOLECULES, Pieter Debye. This work by Nobel laureate Debye offers a complete guide 
to fundamental electrostatic field relations, polarizability, molecular structure. Partial contents: 
electric intensity, displacement and force, polarization by orientation, molar polarization| and 
molar refraction, halogen-hydrides, polar liquids, ionic saturation, dielectric constant, etc. 
Special chapter considers quantum theory. Indexed. 172pp. 5% x 8. $63 Clothbound $3.50 

664 Paperbound $1.50 


TREATISE ON THERMODYNAMICS, Max Planck. Based on Planck's original papers this offers a 
uniform point of view for the entire field and has been used as an introduction for students who 
have studied elementary chemistry, physics, and calculus. Rejecting the earlier approaches of 
Helmholtz and Maxwell, the author makes no assumptions regarding the nature of heat, but 
begins with a few empirical facts, and from these deduces new physical and chemical laws. 
3rd English edition of this standard text by a Nobel laureate. xvi + 297pp. 5% x 8. 


$219 Paperbound $1.75 


ATOMIC SPECTRA AND ATOMIC STRUCTURE, G. Herzberg. Excellent general survey for chemists, 
physicists specializing in other fields. Partial contents: simplest line spectra and elements of 
atomic theory, multiple structure of line spectra and electron spin, building-up principle and 
periodic system of elements, finer details of atomic spectra, hyperfine structure of spectral lines, 
some experimental results and applications. Bibliography of 159 items. 80 figures. 20 tables. 
Index. xiii + 257pp. 5%, x 8. $115 Paperbound $1.95 


EARTH SCIENCES 


THE EVOLUTION OF THE IGNEOUS ROCKS, N. L. Bowen. Invaluable serious introduction applies 
techniques of pnysice and chemistry to explain igneous rocks diversity in terms of chemical com- 
position and fractional crystallization. Discusses liquid immiscibility in silicate magmas, crystal 
sorting, liquid lines of descent, fractional resorption of complex minerals, petrogenesis, etc. Of 
prime importance to geologists & mining engineers, also to physicists, chemists working with 
high temperatures and pressures. “Most important,’ TIMES, London. 3 indexes. 263 biblio- 


eR, = ae oe 


GEOGRAPHICAL ESSAYS, William Morris Davis. Modern geography & geomorphology rests on 
the fundamental work of this scientist. 26 famous essays presenting most important theories, 
field researches. Partial contents: Geographical Cycle, Plains of Marine and Subaerial Denuda. 
tion, The Peneplain, Rivers and Valleys of Pennsylvania, Outline of Cape Cod, Sculpture of 
Mountains by Glaciers, etc. ‘‘Long the leader and guide,'’ ECONOMIC GEOGRAPHY. ‘‘Part of 
the very texture of geography . . . models of clear thought,'' GEOGRAPHIC REVIEW. Index. 
130 figures. vi + 777pp. 5% x8. S383 Paperbound $2.95 


INTERNAL CONSTITUTION OF THE EARTH, edited by Beno Gutenberg. Completely revised, 
brought up-to-date, reset. Prepared for the National Research Council this is a complete & 
thorough coverage of such topics as earth origins, continent formation, nature & behavior of 
the earth's core, petrology of the crust, cooling forces in the core, seismic & earthquake material, 
gravity, elastic constants, strain characteristics and similar topics. ‘'One is filled with admira- 
tion . . . a high standard . . there is no reader who will not learn something fiom this 
book,'*London, Edinburgh, Dublin, Philosophic Magazine. Largest bibliography in print: 1127 
classified items. Indexes. Tables of constants. 43 diagrams. 439pp. 6% x 9%. 

$414 Paperbound $2.45 


THE BIRTH AND DEVELOPMENT OF THE GEOLOGICAL SCIENCES, F. D. Adams. Most thorough 
history of the earth sciences ever written. Geological thought from earliest times to the end 
of the 19th century, covering over 300 early thinkers & systems: fossils & their explanation, 
vulcanists vs. neptunists, figured stones & paleontology, generation of stones, dozens of similar 
topics. 91 illustrations, including medieval, renaissance woodcuts, etc. Index. 632 footnotes, 
mostly bibliographical. 5llpp. 5% x 8. T5 Paperbound $2.00 


HYDROLOGY, edited by Oscar E. Meinzer. Prepared for the National Research Council. Detailed 
complete reference library on precipitation, evaporation, snow, snow surveying, glaciers, lakes, 
infiltration, soil moisture, ground water, runoff, drought, physical changes produced by water, 
hydrology of limestone terranes, etc. Practical in application, especially valuable for engineers. 
24 experts have created ‘‘the most up-to-date, most complete treatment of the subject,’’ AM. 
ASSOC. OF PETROLEUM GEOLOGISTS. Bibliography. Index. 165 illustrations. xi + 712pp. 
6% x 9% $191 Paperbound $2.95 


DE RE METALLICA, Georgius Agricola. 400-year old classic translated, annotated by former 
President Herbert Hoover. The first scientific study of mineralogy and mining, for over 200 
years after its appearance in 1556, it was the standard treatise. 12 books, exhaustively anno- 
tated, discuss the history of mining, selection of sites, types of deposits, making pits, shafts, 
ventilating, pumps, crushing machinery; assaying, smelting, refining metals; also salt, alum, 
nitre, glass making. Definitive edition, with all 289 16th century woodcuts of the original. 
Bibliographical, historical introductions, bibliography, survey of ancient authors. Indexes. A 
fascinating book for anyone interested in art, history of science, geology, etc. DELUXE EDITION. 
289 illustrations. 672pp. 6%, x 1034. Library cloth. S6 Clothbound $10.00 


URANIUM PROSPECTING, H. L. Barnes. For immediate practical use, professional geologists 
considers uranium ores, geological occurrences, field conditions, all aspects of highly profitable 
occupation. Index. Bibliography. x +117pp. 5% x8. T309 Paperbound $1.00 


BIOLOGICAL SCIENCES 


THE BIOLOGY OF THE AMPHIBIA, G. K. Noble, Late Curator of Herpetology at the Am. Mus. 
of Nat. Hist. Probably the most used text on amphibia, unmatched in comprehensiveness, 
clarity, detail. 19 chapters plus 85-page supplement cover development; heredity; life history; 
adaptation; sex, integument, respiratory, circulatory, digestive, muscular, nervous systems; 
instinct, intelligence habits environment economic value, relationships, classification, etc. ''Nothing 
comparable to it,'’ C. H. Pope, Curator of Amphibia, Chicago Mus. of Nat. Hist. 1047 biblio- 
graphic references. 174 illustrations. 600pp. 5% x 8. $206 Paperbound $2.98 


THE BIOLOGY OF THE LABORATORY MOUSE, edited by G. D. Snell. 1st prepared in 1941 by 
the staff of the Roscoe B. Jackson Memorial laboratory, this is still the standard treatise on the 
mouse, assembling an enormous amount of material for which otherwise you would spend hours 
of research. Embryology, reproduction, histology, spontaneous neoplasms, gene & chromosomes 
mutations, genetics of spontaneous tumor formation, genetics of tumor formation, inbred, hybrid 
animals, parasites, infectious diseases, care & recording. Classified bibliography of 1122 items. 
172 figures, including 128 photos. ix + 497pp. 6% x 9%. $248 Clothbound $6.00 


BEHAVIOR AND SOCIAL LIFE OF THE HONEYBEE, Ronald Ribbands. Oustanding scientific study; 
a compendium of practically everything known about social life of the honeybee. Stresses be- 
havior of individual bees in field, hive. Extends von Frisch's experiments on communication 
among bees. Covers perception of temperature, gravity, distance, vibration; sound production; 
glands; structural differences; wax production, temperature regulation; recognition communication; 
drifting, mating behavior, other highly interesting topics. Bibliography of 690 references. Indexes. 


i ti fob natomy, fine photographs. 352pp. 
127 diagrams, graphs, sections of bee a y p Wee eh emt 3. 


ELEMENTS OF MATHEMATICAL BIOLOGY, A. J. Lotka. A pioneer classic, the first major attempt 
to apply modern mathematical techniques on a large scale to phenomena of biology, biochem- 
istry, psychology, ecology, similar life sciences. Partial Contents: Statistical meaning of irre- 
versibility; Evolution as redistribution; Equations of kinetics of evolving systems; Chemical, inter- 
species equilibrium; parameters of state; Energy transformers of nature, etc. Can be read with 
profit even by those having no advanced math; unsurpassed as study-reference. Formerly titled 


THE ORIGIN OF LIFE, A. 1. Oparin. A classic of biology. This is the first modern statement of 
the theory of gradual evolution of life from nitrocarbon compounds. A brand-new evaluation 
of Oparin's theory in light of later research, by Dr. S. Margulis, University of Nebraska. xxv 
+ 270pp. 5% x 8. $213 Paperbound $1.75 


THE TRAVELS OF WILLIAM BARTRAM, edited by Mark Van Doren. This famous source-book of 
American anthropology, natural history, geography is the record kept by Bartram in the 1770's, 
on travels through the wilderness of Florida, Georgia, the Carolinas. Containing accurate and 
beautiful descriptions of Indians, settlers, fauna, flora, it is one of the finest pieces of Ameri- 
cana ever written. Introduction by Mark Van Doren. 13 original illustrations. Index. 448pp. 
5%, x 8. T13 Paperbound $2.00 


A SHORT HISTORY OF ANATOMY AND PHYSIOLOGY FROM THE GREEKS TO HARVEY, Charles 
Singer. Corrected edition of THE EVOLUTION OF ANATOMY, classic work tracing evolution of 
anatomy and physiology from prescientific times through Greek & Roman periods, Durk Ages, 
Renaissance, to age of Harvey and beginning of modern concepts. Centered on individuals, 
movements, periods that definitely advanced~ anatomical knowledge: Plato, Diocles, Aristotle, 
Theophrastus, Herophilus, Erasistratus, the Alexandrians, Galen, Mondino, da Vinci, Linacre, 
Harvey, others. Special section on Vesalius; Vesalian atlas of nudes, skeletons, muscle tabulae. 
Index of names. 20 plates, 270 extremely interesting illustrations of ancient, medieval, renais- 
sance, oriental origin. xii + 209pp. 5%, x 8. T7389 Paperbound $1.75 


NEW BOOKS 


LES METHODES NOUVELLES DE LA MECANIQUE CELESTE by H. Poincaré. Complete text (in 
French) of one of Poincaré’s most important works. Revolutionized celestial mechanics: first 
use of integral invariants, first major application of linear differential equations, study of per- 
iodic orbits, lunar motion and Jupiter's satellites, three body problem, and many other im- 
portant topics. ‘‘Started a new era . . . so extremely modern that even today few have 
mastered his weapons,’ E. T. Bell. Three volumes; 1282pp. 6% x 9%. 

Vol. 1. S401 Paperbound $2.75 

Vol. 2. S402 Paperbound $2.75 

Vol. 3. S403 Paperbound $2.75 


APPLICATIONS OF TENSOR ANALYSIS by A. J. McConnell. (Formerly, APPLICATIONS OF THE 
ABSOLUTE DIFFERENTIAL CALCULUS). An excellent text for understanding the application of 
tensor methods to familiar subjects such as: dynamics, electricity, elasticity, and hydrodynamics. 
It explains the fundamental ideas and notation of tensor theory, the geometrical treatment of 
tensor algebra, the theory of differentiation of tensors, and includes a wealth of practice ma- 
terial. Bibliography. Index. 43 illustrations. 685 problems. xii + 381pp. 

$373 Paperbound $1.85 


BRIDGES AND THEIR BUILDERS, David B. Steinman and Sara Ruth Watson. Engineers, historians, 
and everyone who has ever been fascinated by great spans will find this book an endless soUrce 
of information and interest. Dr. Steinman, the recent recipient of the Louis Levy Medal, is one 
of the great bridge architects and engineers of all time, and his analysis of the great bridges 
of all history is both authoritative and easily followed. Greek and Roman bridges, medieval 
bridges, oriental bridges, modern works such as the Brooklyn Bridge and the Golden Gate 
Bridge (and many others) are described in terms of history, constructional principles, artistry, 
and function. All in all this book is the most comprehensive and accurate semipopular history 
of bridges in print in English. New greatly revised enlarged edition. 23 photographs, 26 line 
drawings. Index. xvii + 40lpp. 5% x8. T431 Paperbound $1.95 


MATHEMATICS IN ACTION, O. G. Sutton. Excellent middle-level exposition of application of 
advanced mathematics to the study of the universe. The author demonstrates how mathematics 
is applied in ballistics, theory of computing machines, waves and wavelike phenomena, theory 
of fluid flow, meterological problems, statistics, flight, and similar phenomena. No knowledge 
of advanced mathematics is necessary to follow the author's presentation. Differential equations, 
Fourier series, group concepts, eigen functions, Planck's constant, airfoil theory and similar topics 
are explained so clearly in everyday language that almost anyone can derive benefit from read- 
ing, this book. 2nd edition. Index. 88 figures. viii -+- 236pp. 5% x 8. 


T450 Clothbound $3.50 


MATHEMATICAL FOUNDATIONS OF INFORMATION THEORY by A. I. Khinchin. For the first 
time, mathematicians, statisticians, physicists, cyberneticists and communications engineers are 
offered a complete and exact introduction to this relatively young field. Entropy as a measure 
of a finite ‘'scheme,’’ applications to coding theory, study of sources, channels and codes 
detailed proofs of both Shannon theorems for any ergodic source and any stationary channel 
with finite memory, and much more is covered, Bibliography. vii + 120pp. 5% x 8. 


S434 Paperbound $1.35 


Write for free catalogues! 


Indicate your field of interest. Dover publishes books on physics, earth sciences, mathematics, 
engineering, chemistry, astronomy, anthropology, biology, psychology, philosophy, religion 
history, literature, mathematical recreations, languages, crafts, gardening, art, graphic arts, ete. 


Available at your dealer or write Dover Publications, Inc., 
920 Broadway, Department TF1, New York 10, New York. 
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